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REMOTE RADIO DATA COMMtJNICATION SYSTEM 
WITH A DORMANT POLLING PROTOCOL 

BACKGROUKD OF THB IKVENTION 

The present invention in a preferred 
implementation relates to improvements in radio data 
communication systems wherein a niimber of mobile 
transceiver units are to transmit data to a number 
of base stations under a wide range of operating 
conditions. The invention is preferably to be 
applicable as an upgrade of an existing data capture 
system wherein a number of hand-held transceiver 
units of an earlier design are already in the field 
representing a substantial economic investment in 
comparison to the cost of base stations, accessories 
and components. In installations spread over an 
extensive area, a large number of mobile portable 
transceiver units may be employed to gather data in 
various places and multiple base stations may be 
required. IN a variety of such installations such 
as warehouse facilities, distribution centers, and 
retail establishments, it may be advantageous to 
utilize not only multiple bases capable of 
communication with a single host, but with multiple 
hosts as well. 

An early RF data collection system is shown in 
Marvin L. Sojka, U.S. Patent No. 4,924,462 assigned 
to the assignee of the present application. This 
patent illustrates (in the sixth figure) a NORAND® 
RC2250 Network Controller which supports one base 
transceiver for communication with multiple mobile 
portable transceivers. The exemplary prior art 
device is capable of communicating with a host 
computer through an RS232C interface at up to 19,200 
baud in asynchronous mode. In order for an optional 
RS422 interface to be substituted for an RS232C 
interface, the unit must be opened and substitute 
circuitry components installed within it. 



In the design of low-cost narrowband FM 
receivers, superheterodyne configurations using one 
or more fixed intermediate frequencies (IF) are 
generally employed. Receiver selectivity is 
provided using, crystal or ceramic filters at these 
IF's* The passband characteristics of these filters 
must be wide enough to accommodate the bandwidth 
occupied by the intended received signal, plus any 
expected center frequency error due to frequency 
offsets in the transmitted signal or receiver local 
oscillators which may arise from changes in ambient 
temperature or misalignment. The stopband 

performance of the IF filters is chosen to provide 
the maximum out-of-band attenuation that is 
compatible with target design specifications, 
passband requirements, and equipment cost goals. 

The technical requirements for narrowband FM 
equipment were originally devised for analog 
transmission of voice messages* Because the 
frequency spectrum of voice was easily quantifiable, 
it was possible to bandlimit the voice signal at 
baseband with no loss of information content, and 
utilize an optimal transmission bandwidth for 
acceptable signal quality at the receiver. Channel 
spacings were then derived based upon this optimal 
bandwidth, and the stability of the transmitter and 
receiver oscillator frequencies that could 
economically be achieved in portable and mobile 
equipment . 

In UHF land-mobile equipment meeting the 
required transmit and receivier oscillator 
stabilities, the worst case frequency error is often 
comparable to the bandwidth of a transmitted voice 
signal. In order to accommodate some fraction of 
the worst case frequency error, it has been a common 
practice to substantially broaden the IF filter 
passband -widths . 



The transmission of binary data through 
modified narrowband, FM, voice quality equipment 
requires special considerations. Unlike voice 
transmission, bandlimiting the signal limits the 
information transmission capabilities, of the system. 
In order to obtain maximum information throughput, 
it is desirable to utilize the available bandwidth 
as fully as possible. However, for equipment to 
operate over a wide temperature range, transmitted 
bandwidth, and therefore data rate, must be 
constrained to keep the received signal within the 
IF filter bandwidth (s) when large frequency offsets 
due to oscillator temperature instabilities are 
present . 

Unfortunately, when equipment is designed to 
tolerate large frequency offsets, a lower data rate 
must be selected than that allowed by the IF filter 
bandwidths under less stringent conditions where 
oscillator frequencies are near their ideal values. 

Another consideration in data rate selection is 
system range. This is most problematic in data 
communications systems employing mobile or portable 
remote devices. These devices may operate at close 
range, where received signals are strong, or in 
fringe areas where received signals are extremely 
weak. Selecting a relatively high data rate will 
result in higher data throughput under strong signal 
conditions, while under fringe conditions, operation 
at lower data rates, with optimized baseband 
filtering, can be substantially more reliable. 

The present invention also relates to 
improvements in radio data communication systems 
which utilize a polling protocol, originating from a 
base station, to schedule and maintain communication 
with a number of remote transceiver units. More 
particularly, the present invention relates to a 
dormant polling protocol which schedules all 
communication on a heavily loaded communication 



channel, while permitting unscheduled communication 
whenever the communication channel is lightly 
loaded. 

To establish communication, polling protocols 
require a base station to repeatedly poll each of 
the remote transceiver units being serviced. Even 
during periods when no communication is taking 
place, the base stations must still continue to 
poll, awaiting a response. This unproductive 
polling not only wastes the base station's energy 
(important when the base station is battery 
powered) , but also unnecessarily dominates a 
communication channel so as to interfere with other 
communication on or near that channel. 

In addition, polling protocols are most 
effective under conditions of heavy channel 
communication — where effectiveness is a measure of 
response time. During periods of light channel 
communication, a CSMA (carrier-sense multiple- 
access) type protocol which is initiated by the 
remote transceivers prove more effective than a 
polling protocol. However, neither of these types 
of communication protocols prove most effective 
under both heavy and light communication loading. 



SUMMARY OF THE INVENTION 

The present invention provides* improved data 
throughput in low-cost FM or FSK data communications 
equipment, used on existing narrowband channels, 
while still, maintaining reliable performance in 
fringe reception areas, and under extreme .conditions 
of temperature. This object is achieved by 
providing such low cost data communications 
equipment with the capability of automatically 
switching between two or more data rates, and by the 
provision of control means for adapt ively selecting 
the best data rate dynamically according to changing 
operating conditions. In a preferred embodiment, 
this is accomplished using only baseband signal 
processing techniques. For communications systems 
which use some form of handshaking to establish a 
communications link between a base station and one 
of several remote portable or mobile units, a test 
signal may be incorporated into the handshaking 
protocol to evaluate relevant operating conditions. 
For example, a polling signal sent from a base 
station may itself constitute a test signal which is 
evaluated by one or more remote units having 
messages to transmit. A remote unit responding to 
the polling signal, may transmit as its response a 
selection signal specifying the data rate which has 
been determined to be optimum as a result of test 
signal evaluation. 

As stated above, high system clock rates are 
required in rf terminals to provide for the decoding 
of barcode scans at a rate that is acceptable to a 
user of the system. However, the high clock rates 
used for decoding also may cause the generation of 
an excessive amount of digital noise in and around 
the rf terminals. This noise can get into the rf 
terminal and interfere with communication, resulting 
in a reduction in the effective communication range. 
This problem is solved by using a dual clock rate. 



The terminal is operated normally at a slow system 
clock rate to minimize the generation of digital 
noise, and is switched to a fast clock rate during 
barcode scanning to allow the data obtained from the 
barcode scan to be processed at a higher rate. This 
lets the rf data link co-exist with the need for and 
the hardware support for barcode scan decoding. 

Another object of the invention to provide a 
radio data communication system capable of increased 
throughput while retaining basic compatibility with 
an existing installed product family of mobile 
transceiver units. 

In a preferred example, an existing system 
utilizing hand held RF terminals of fixed data rate 
is upgraded by means of system components capable of 
adaptively switching to a higher data rate. For 
example, in an existing system where a sequential 
polling of the hand held RF units is employed, the 
base station may insert a test pattern of 
substantially higher data rate into the polling 
process, such that upgraded transceiver units can 
determine the feasibility of use of such higher data 
rate, while earlier versions continue to operate at 
the fixed data rate. In a more advanced system, 
where RF terminals respond in random time slots to a 
general polling transmission, a test pattern at a 
substantially higher data rate may be appended to 
such general poll. Again, a prior RF terminal model 
of fixed data rate may operate as usual, while 
upgraded RF terminals may selectively respond with 
higher data rate messages. Further, the upgraded 
terminals are preferably of sufficiently low cost 
that they could be employed with existing base 
stations operating at a fixed data rate until such 
time as it became economically feasible to replace 
the base station. 

In a system which is to be marketed 
commercially, the base station may Issue high data 



rate general polling signals interspersed at 
variable selected times with lower data rate general 
polls. In this way the higher data rate polls laay 
be used as test signals by .mobile units capable of 
operation at the high data rate. The frequency of 
high data rate polls may be adapted to the 
proportion of high data rate capable mobile units 
and other factors* Relevant parameters may be 
measured by the base station and utilized to 
dynamically vary the frequency of high data rate 
polls e*g. during a daily operating period. 

Accordingly, a specific object of the invention 
resides in the provision of a low cost hand held 
data capture RF terminal capable of utilization with 
base stations having fixed data rate and also with 
an upgraded base station capable of cooperating with 
such terminal to provide substantially increased 
throughput. 

Another specific object of the invention is to 
provide an improved base station compatible with an 
installed product family of fixed data rate RF 
terminals but capable of cooperating with upgraded 
RF terminals to achieve an optimized data rate 
during successive polling operations. 

Further objects reside in the provision of a 
radio data communication system which provides a 
reliable and efficient communications link under a 
wide range of operating conditions. 

The present invention also provides an improved 
network controller to serve as a consolidation link 
between one or more host computers and one or more 
base transceiver units, . each of which may be 
communicative with many mobile portable transceiver 
units being moved about a warehouse complex for the 
collection of data. The network controller 
invention provides a front panel display with three 
operator-available control keys for selections of 



function and up or down scrolling through choices 
provided on the front panel display. 

The invention will allow incorporation with 
existing base transceivers as well as with high- 
speed spread spectrum and synthesized radio networks 
at the same time. The invention allows the creation 
of a radio comxaunication system, with multiple host 
devices using differing communication protocols. 
Higher speed host device interfaces may be used as a 
result of the inclusion of the invention in an 
existing radio communication system. The invention 
provides means for the coupling of large networks of 
serially interconnected base transceivers over a 
single twisted pair of wires. 

The invention provides a plurality of 
communication ports for interconnection to one or 
more host computers and one or more base transceiver 
systems or units. The communication ports available 
for connection with the host computers may be 
configured to provide selective interfaces without 
any requirement for rewiring or other hardware 
modification. A first port of the controller may be 
selected to interface with a host computer by either 
RS232 or V.35 means • The selection of interface 
means may be performed by the end user with choices 
made on the front panel control keys of the device. 

A second port of the invention may be selected 
to provide interface means by a choice of RS232, 
RS422, OR RS485 means or through a NORAND® Radio One 
Node Network proprietary interface. This second 
port may be communicative with a second host 
computer or with existing installed base units when 
RS232 means are selected, or with existing base 
units when RS422 means are selected. In addition, 
the second port may be configured to communicate 
with a network of a new generation base units, 
either by RS485 interface protocol, or by the 



NORAND® Radio One Node Network proprietary 
interface. 

The third port of the invention, like the 
second port hereof, may be selectively configured to 
communicate by RS232, RS422, RS485 or NORAND® Radio 
One Node Network proprietary interface means. For 
both the second and third ports, as well as for the 
host port, configuration of the port is accomplished 
by selection of the port on the front panel of the 
invention controller with the select key and then 
selection of the desired interface configuration 
through appropriate use of the up and down keys to 
scroll to the correct means to be selected. Because 
the invention permits internal, software-controlled, 
selection of the desired interface means for each 
port, the end user may easily self configure the 
unit for a particular use, thereby providing a 
highly versatile device. In addition, the 

configuration choice means is simplified for the 
user, because the choices are conveniently displayed 
on the front panel display and a choice can be made 
from a scrollable list. 

The introduction of the selectable RS485 
interface in the present invention enables the 
controller to be interfaced to a network of new 
generation base station units which may comprise 
several base transceiver units configured on a 
single network circuit. 

The inclusion of the selectable NORAND® Radio 
One Node Network proprietary interface means for the 
second and the third ports provides means for 
incorporation of new generation base transceiver 
units having particularized wiring and control 
requirements . 

A diagnostic port configured for RS232 
interface means is provided to provide selective 
communication, either remotely through modem means. 



or through direct coupling, with diagnostic and 
reprogramming apparatus. 

The invention is provided with an application 
specific integrated circuit used in combination with 
a control processor unit capable of a speed of 
16 ,667 mhz with direct memory access functionality 
available at is communication ports. Internal 
memory components to be coupled to the central 
processor unit and application specific integrated 
circuit will comprise nonvolatile electrically 
erasable programmable read only memory elements, 
dynamic random access memory elements, and 
nonvolatile FLASH memory elements which permit 
erasure by application of +12VDC to prescribed pins. 

Power supply means are supplied exteriorly to 
the invention in order to make the invention 
standardized for United States, European and other 
countries* local power company output 
characteristics . 

It is therefore an object of the invention to 
provide a radio communication system which permits 
the interconnection of one or two host computer 
devices to a multiplicity of base transceiver units 
which may include both prior art existing installed 
units and new generation units capable of spread 
spectrum or synthesized radio transmission. 

It is a further object of the invention to 
provide a radio communication system network 
controller which may allow interconnection of a 
multiplicity of devices which are operating with 
non-uniform electrical interface characteristics. 

It is a further object of the invention to 
provide a radio communication system network 
controller which may be configured for varying 
interface reguirements by operation of a limited 
number of front panel keys. 

It is a further object of the invention to 
provide a radio communication system network 
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controller which will allow utilization of single 
twisted pair networks of serially networked base 
transceiver units, each of which being communicative 
with a large number of individual mobile data 
collection transceiver units. 

In addition, the present invention provides a 
method of operating a base station which 
communicates with a multiplicity of remote 
transceivers . 

Specifically, this method comprises the first 
step of transmitting a polling sequence, servicing 
each responding remote transceiver, and determining 
whether the level of activity on the channel is 
greater than a low-activity threshold. If the level 
of activity is greater than the low-activity 
threshold, the base station repeats the first step. 

If the level of activity is less than the low- 
activity threshold, the base station performs a 
second step of starting to time a period of low- 
activity. 

In a third step, the base station transmits a 
polling sequence, services each responding remote 
transceiver, determines whether the level of 
activity on the channel is still less than the low- 
activity threshold. If the level of activity is 
greater than the low-activity threshold, the base 
station resets the timing of the period of low- 
activity and branches back to re-execute the first 
step. If the level of activity is less than the 
low-activity threshold and the period of low- 
activity has not reached a predeterniined threshold 
period, the base station repeats the third step.- 
If, however, the level of activity is less than the 
low-activity threshold and the period of low-, 
activity has reached a predetermined threshold 
period, the base station performs a fourth step. 
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In a fourth step, the base station enters a 
dormant state awaiting a communication request from 
one of the remote transceivers. 

Additionally, in accordance with the present 
invention, another method is disclosed for use by a 
base station in a radio frequency data communication 
system to optimize communication on a communication 
channel with a plurality of remote transceivers* 

More particularly, this method involves 
transmitting a polling sequence at a polling rate, 
servicing each responding remote transceiver, and 
repeating the transmitting and servicing until the 
average level of activity is determined to not be 
greater than the low-activity average threshold. 
Next, the base station makes a transition from an 
active state to a dormant state, waiting for and 
servicing the communication requests of received 
from the requesting remote transceivers. The base 
station remains in the dormant state, waiting and 
servicing until the average level of activity on the 
communication channel is determined to be greater 
than a low-activity average threshold. Thereafter, 
the base station re-executes the entire process. 

Accordingly, an important object of the present 
invention is to provide a dormant polling protocol 
that effectively operates during periods of both 
heavily and lightly loaded communication. 

A further object of the invention is to provide 
a radio data communication system utilizing a 
dormant polling protocol to effectively operate 
during periods of both heavily and lightly loaded 
communication. 

Another object of the invention is to provide a 
radio data communication system utilizing a dormant 
polling protocol to efficiently conserve 
treinsmissiori energy. 

A further object of the invention is to provide 
a radio data comaaunication system having a dormant 
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polling protocol that only utilizes a communication 
channel when necessary* 

Other objects, features and advantages of the 
present invention will be apparent from the 
following detailed description taken in connection 
with the accompanying drawings, and from the 
respective features of the appended claims taken 
individually and in cooperative combinations • 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the prior art data 
communication system, 

FIG. 2 is a perspective view of the invention. 

FIG. 3 is a schematic representation of an 
exemplary radio communication system utilizing the 
invention. 

FIG. 4 is a diagrammatic illustration of the 
control circuitry elements of the invention. 

FIG. 5 is a rear elevation view of the 
invention. 

FIG. 6 is a diagrammatic illustration of the 
application specific integrated circuit of the 
invention. 

FIG. 7 is a block diagram showing an exemplary 
implementation of intelligent network and router 
transceiver units such as the network transceiver 
units of FIG. 3. 

FIG. 8 is a diagram of an RF system utilizing a 
network controller according to Figures 2-6, with 
one of its network ports configured for 
communication with a second host, and another of its 
ports coupled with a multiplicity of RF transceivers 
via an adapter unit. 

FIG. 9 is a diagram illustrating the use of two 
network controllers according to Figures 2-6, 
configured for dual host computers each, and having 
their relatively high data rate extended distance 
network ports coupled with a multiplicity of 
intelligent network and router transceiver units 
implemented according to Figure 7. 

FIG. 10 is a diagram similar to FIG. 9 but 
showing the pari of coupled network controllers 
interfaced to a common relatively high data rate 
system having multiple hosts ( e.g. ) a local area 
network of the Ethernet type or equivalent e.g. 
fiber optic type. 
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FIG. 11 is a diagram similar to FIG. 10 but 
indicating the network controllers being coupled to 
respective different high data rate multiple host 
systems ( e.g. , token ring type local area networks 
or other individual networks e.g. . fiber optic loop 
networks of the collision-sense multiple-access 
type) . 

FIG. 12 is a view similar to FIG. 9 but 
intended to diagrammatically indicate a distribution 
of network and router transceivers and other 
elements of an on-line RF data collection system 
over an extensive area of a facility e.g. of one of 
the types previously mentioned* 

FIG. 13 shows an intelligent controller and 
radio base unit which unifies controller and radio 
components such as shown in FIG. 7 into a single 
housing of the size represented in Figures 2 and 5. 

FIG. 14 shows a diagrammatic illustration of 
the signal processing for two of four par is of 
communication ports of the multiple base adapter of 
the RF data collection system illustrated in FIG. 8. 

FIG. 15 is a diagram of parts of an RF data 
collection system utilizing a network controller 
according to Figures 2-6 and a multiple base adapter 
according to FIG. 14, with eight base transceiver 
units coupled to the multiple base adapter. 

FIGS. 16 and 17 illustrate the baud rate 
switching procedure for the preferred embodiment of 
a mobile transceiver unit. 

FIG. 18 is a diagrammatic illustration of the 
sequential polling procedure which is utilized with 
the prior art system of FIG, 1. 

FIG. 19 is a diagram illustrating the system 
timing for the prior art system of FIGS. 1 and 18. 

FIG. 20 is a diagram similar to FIG. 19 and 
illustrating system timing for a prior art system 
having nearly twice the polling speed of the system 
of FIGS. 1, 18, and 19. 
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FIG. 21 is a diagram similar to FIG. 18 but 
illustrating a second protocol which is utilized in 
a recently introduced product family having a high 
performance type of mobile terminal unit 
representing the next generation in comparison to 
the system represented in FIG. 20. 

FIG. 21A is a modified version of FIG. 21. 

FIG. 22 is a diagrammatic illustration of a 
mobile radio system which may be compatible with 
elements of the previous systems of FIGS. 1 and 18 
through 21, and may substantially enhance system 
throughput . 

FIGS. 23 and 24 illustrate an implementation of 
the embodiment of FIG. 22 where the receiver of each 
mobile unit may operate only at a standard data 
rate, FIGS. 23 and 24 being shown to the same time 
scale, and utilizing respective levels to represent 
transmission and reception at a standard rate 
compatible with the earlier versions of the system 
and at a higher data rate for increased system 
throughput, FIG. 23 representing successive 
switching modes at the base station, and FIGS. 24 
illustrating the corresponding switching modes of an 
exemplary mobile unit in radio communication with 
the base station. 

FIGS. 25 and 26 illustrate a further 
implementation of FIG. 22 which uses the same 
graphical format as FIGS, 23 and 24 to illustrate 
successive switching modes, but wherein selection of 
data rate is made at the individual mobile unit. 

FIGS. 27 and 28, and 29 and 30 are plots 
similar to that of FIG. 23, but illustrating . an 
embodiment in accordance with FIG. 22 wherein the 
base station sends a test transmission (FIGS. 27 and 
28) or transmits temperature information (FIGS. 29 
and 3 0) to all of the mobile units simultaneously, 
FIGS. 27 and 29 delating to a sequential polling 
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protocol, and FIGS. 28 and 30 illustrating an 
example with a contention type protocol; 

FIGS. 31 and 32 show diagrams similar to those 
of FIGS. 23 and 24, for illustrating an embodiment 
in accordance with FIG. 22 wherein each mobile unit 
may transmit a high data rate test pattern to the 
base station. 

FIG. 33 is a plot similar to that of FIG. 18, 
but illustrating operation of the system of FIG. 22 
wherein the base station sends a high data rate test 
pattern to all of the mobile units simultaneously, 
for example in advance of a sequential polling 
cycle* 

FIG. 34 is a plot similar to that of FIG. 21, 
but showing the base station of FIG. 22 transmitting 
a high data rate test pattern for example 
immediately following a standard data rate general 
poll for the example of a contention type polling 
protocol. 

FIG. 35 is a schematic block diagram for 
illustrating an exemplary hardware implementation of 
the system of FIG, 22. 

FIGS. 36-39 are diagrams illustrating preferred 
modes of operating a system utilizing both a limited 
normal data rate (e.g. 4800 baud) and a higher data 
rate (e.g. 9600 baud), FIG. 36 showing a general 
case of M low data rate response slots and of N high 
data rate response slots, N and M being 
independently controlled for optimum throughput; 
FIG. 37 showing the specific example of N equals 
four and M equals one; FIG. 38 showing alternating 
high data rate and low data rate communications 
frames where N and M may both vary (generally in 
opposite senses) in successive cycles; and FIG. 39 
showing a case where plural communications frames of 
one type (e.g. 9600 baud) occur between a lesser 
number (e.g. one) of the other type of 
communications frame, this pattern being repeated. 



or varied as a function of loading at the respective 
data rates. 

FIG, 40 is a flow diagram giving exemplary 
steps which are particularly applicable to the 
embodiment of FIG. 34, but which are also generally 
applicable with modifications to various of the 
other embodiments. 

FIG. 41A-41H and 42A-42E show an exemplary 
analog interface circuit for use with the RT3210 
mobile terminal unit shown in APPENDIX D2; FIG. 4 IB 
being a continuation of FIG. 41A to the right; FIGS. 
41C and 4 ID being further continuations of the 
circuit to the right; FIG. 4 IF showing continuations 
of FIG. 4 IB in a downward direction, and 
continuations of FIG. 4 IE to the right; FIG. 41G 
showing downward continuation of FIG. 41C and 
rightward continuation of FIG. 41F; and FIG. 41H 
showing downward continuation of FIG. 4 ID, and 
rightward continuation of FIG. 41G; FIG. 42B showing 
a rightward continuation of FIG. 42 A, FIGS. 420 and 
42D being further rightward continuations of the 
circuitry; and FIG. 42E being a downward 
continuation of FIGS. 42B, 42C and 42D. 

FIGS. 43A-43H and 44A-44H show exemplary 
digital processor circuitry for coupling with the 
RT3210 mobile terminal unit via the analog interface 
circuit of FIGS. 41A-41H and 42A-42E; FIGS. 43B, 43C 
and 43D being continuations of FIG. 43A to the 
right; FIG. 43E being a continuation of PIG, 4 3D in 
a downward direction; FIG. 43F being a downward 
continuation of FIG. 43A; FIG* 43G being a rightward 
continuation of FIG. 4 3F and a downward continuation 
of FIG. 43B; and FIG. 43H being a rightward 
continuation of FIG. 43G and a downward continuation 
of FIGS. 43C and 43E; FIG. 44B, 44C and 44D being 
successive rightward continuations of FIG. 44A; FIG. 
44F being a rightward continuation of FIG. 44E and 



a downward continuation of FIG, 44B; FIG. 44G being 
a rightward continuation of FIG. 44C; and FIG. 44H 
being a rightward continuation of FIG. 44G and a 
downward continuation of FIG. 44D. 

FIG. 45A 'shows an end cap flex circuit which 
may couple various terminals of the circuitry of 
FIGS. 43A~43H and 44A-44H with the industry standard 
9-pin scanner connector and the 15-pin printer port 
connector which are located side by side at the base 
of the RT3210 mobile terminal unit shown in APPENDIX 
D2 hereto . 

FIG. 45B is a bottom plan view of the flex 
connector of FIG. 45A. 

FIG. 46 shows a power flex circuit for coupling 
external contacts of the battery drawer of the 
RT3210 to the various terminals of the circuitry of 
FIG. 41A (+BATT) and 4 IF. 

FIG. 47 is a basic block diagram showing a 
combined binary and partial response encoder system. 

FIG. 48 is a logic diagram for illustrating the 
logical operation of a standard partial response 
duobinary encoder. 

FIGS. 49A and 49B show respective detailed 
block diagrams for implementing a hybrid partial 
response encoder system according to FIG. 47. 

FIG. 50 shows a receiver system for decoding 
the hybrid partial response encoder signals 
generated according to FIG. 49A-49B. 

FIGS. 51A-51G show various output waveforms for 
explaining the operation of FIGS. 49A-49B and 50. 

FIGS. 52A-52C show waveforms for explaining 
autodif ferentiation between .4800 bps and 9600 bps, 
and between 4800 bps and 16,000 bps signals. 

FlGS^ 53A and 538 together comprise a flow 
chart showing a power saving standby or sleep mode 
feature of the mobile transceiver units. 

FIG. 54 illustrates the use of a programmable 
directional antenna system in the . communication 
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system having the basic communication pathways and 
spatial relationships between a host computer, base 
stations and mobile transceiver units of the present 
invention. 

FIG. 55A is an illustration of a dormant 
polling protocol of the present invention. 

FIG. 55B is an illustration of a time-line 
representing a modified version of the dormant 
polling protocol described in relation to FIG. 55A. 

FIG, 55C . is an illustration of a time-line 
representing a further modified version of the 
dormant polling protocol of the present invention 
described in FIGS. 55A and 55B. 
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DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows an existing radio frequency data 
transmission system 10 wherein a base station 
transceiver means 11 has a number of mobile 
transceiver units such as 12A, 12B,..., 12N in radio 
coitaaunication therewith. 

By way of example, the base station may be 
comprised of a radio base unit 14 such as the model 
RB3 021 of Norand Corporation^ Cedar Rapids, Iowa, 
which forms part of a product family known as the 
RT3 210 system* In this case, the radio base 14 may 
receive data from the respective mobile RF 
terminals, e.g. of type RT3210 or RT1210, and 
transmit the received data via a multiplexor 15 and 
a communications link 16 (e.g. utilizing an RS-232 
format) to a host computer 17. 

The data capture terminals 12A, 12B,..., 12N 
may each be provided with a keyboard such as 18, a 
display as at 19, and a bar code scanning 
capability, e.g., via an instant bar code reader 
such as shown in U.S. Patent No. 4,766,300 issued 
August 23, 1988, and known commercially as the 20/20 
High Performance Bar Code Reader of Norand 
Corporation. 

Figure 2 provides a perspective view of a 
network controller 40 of the present invention. A 
case 20 is attached to a front panel 22, having a 
display 24 and select key 26, up key 28 and down key 
30. Power indicator 32 comprises a low power green 
light emitting diode which is energized when power 
is supplied to the invention 10.' Error condition 
indicator 34 is a yellow LED which is software 
controlled to be energized if the invention 10 is in 
error condition. 

Figure 3 discloses a diagrammatic illustration 
of a radio communication system in accordance with 
the. present invention. Invention network controller 
40 is coupled to host computer 42 such that data may 
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be interchanged between the devices over host 
cominuni cat ions link 44, which may be either in an 
RS232C format or selectively in an RS422 format. 
The host communication link 44 couples to controller 
40 at host port 46. 

First communication port 48 of controller 40 
provides means for coupling of network 50 to 
controller 40. Network 50 comprises a number of 
base RF transceiver units 52A, 52B and 53B, each of 
which may be selectively employed in the radio 
frequency communication of data from mobile 
transceiver units. It is to be understood that base 
transceiver units 52 are designed and equipped to be 
operable in the exchange of data with network 
controller 40 over network link 56 such that each 
base transceiver unit 52A, 52B, or 53C may 
independently exchange data with network controller 
40 through first communication port 48. When first 
communication port 48 is intended for operation with 
a network such as network 50 of base transceiver 
units 52A, 52B and 53C, for example, network 
controller 40 is selectively operated to provide an 
RS485 interface at first communication port 48. 
First communication port 48 may be alternately 
selected to operate as an RS232C interface, as an 
RS422 interface, as a proprietary NORAND® Radio One 
Node Network interface or as a high speed V.35 
interface. The selection of interface to be 
provided at first communication port 48 is front 
panel controlled, that is, the user may operate 
front panel keys 28, 30 and 26 (See Figure 2) to 
direct the proper interface to be provided at first 
communication port 48. 

Base transceiver units 52A, 52B, and 520 are 
coupled to network link 56 by serial means, rather 
than parallel means, and each may be caused to 
transmit or to receive independently from the others 
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while additionally being coicaaunicative with network 
controller 40 in a randomly chosen fashion. 

It is further to be understood that interface 
translation is provided within controller 40 such 
that data communicated at first communication port 
48 may be directed to host 42 at port 46 via 
properly chosen interface means as is required by 
the host 42 with which communication is intended. 

Like first communication port 48, second 
communication port 57 may be internally switched 
among interface choices of these types: RS232C, 
RS422, V.35, RS485 and proprietary NORAND® Radio One 
Node Network interface. In the illustrated 
arrangement of Figure 3, for example, second 
communication port 57 is coupled over third link 53 
to previously installed base transceiver 54, which 
heretofore had been used in a prior art system as is 
illustrated in Figure 1. Because of limitations of 
base transceiver 54, it must communicate via RS232C 
interface format and therefore, second communication 
port 57 must be selected to operate in RS232C 
interface mode. However, when second communication 
port 57 is desired to communicate with a network via 
RS485 interface, front panel keys 26, 28 and 30 may 
be manipulated by the user to provide the RS485 
interface availability at second communication port 
57. Likewise, second communication port 57 may be 
selected to operate as an RS422 interface, as a V.25 
interface, or as the proprietary NORAND® Radio One 
Node Network interface. 

Diagnostic port 55 provides a fourth 
communication pathway for network controller 40, 
providing an asynchronous port operable at 300 to 
19,200 baud as an RS232C interface. When desirable, 
diagnostic port 55 may be coupled by diagnostic link 
58 to diagnostic device 60 for purposes of error 
diagnosis of controller 40 by diagnostic device 60, 
or for reprogramming of memosfy devices within 



controller 40 when desired. It is contemplated that 
diagnostic device 60 comprises a 16-bit 
microprocessor commonly known as a personal computer 
or "PC". The mode of coupling between diagnostic 
device 60 and network controller 40 may be direct or 
through remote means by use of a modem. 

Referring now to Figure 4, a central processing 
unit 70 is provided with at least four data 
communication ports, illustrated at numerals 71, 12, 
72, and 74. First data communication port 71 may be 
selectively coupled to RS232 interface member 76 or 
V.35 interface member 78. The choice of whether 
RS232 interface member 76 or V.35 interface member 
78 is chosen is dependent upon the operating 
characteristics presented by the host computer^ such 
as host computer 42 of Figure 3, with which network 
controller 40 will communicate. The choice of 
whether first communication port 71 is coupled to 
interface member 76 or to interface member 78 
depends on the front panel selection made by the 
user by keys 26, 28, and 30 shown in Figure 2. 

Second communication port 72 may be selectively 
coupled to RS232 member 80 or to RS485 interface 
member 82 or to RS422 interface member 84 or to 
NORAND® Radio One Node Network proprietary interface 
member 86. By use of front panel keys 26, 28, and 
30 of Figure 2, the user may select second 
communication port 72 to be coupled to any one of 
interface members 80, 82, 84, and 86. 

Third communication port 73 is identical to 
second communication port 72 in functionality, being 
selectively couplable to RS232 interface member 88, 
to RS4.85 interface member 90, to RS422 interface 
member 92 or to NORAND® Radio One Node Network 
proprietary interface member 94. 

In the preferred embodiment of the invention 
40, central processing unit 70 of Figure 4 comprises 
a Motorola! 68302 integrated chip cooperative with 



an application specific integrated circuit. Central 
processing unit 70 employs novel features allowing 
the bidirectional use of a data communicative line 
of the Motorola! 68302 chip and a single clock 
signal line to eliminate, the need for coder-decoder 
members to be associated with the Motorolal 68302 
chip while allowing the use of only one pair of 
signal wires to be coupled to the RS485 interfaces 
82 and 90 of Figure 4. 

Fourth communication port 74 of central 
processing unit is coupled to asynchronous RS232 
interface member 97 to be available for 
interconnection of a diagnostic device therewith. 

Also coupled to central processing unit 70 are 
display member 24 and keyboard member 31 with which 
keys 26, 28, and 30 of front panel 22 (Figure 2) are 
interactive . 

Memory elements including EPROM element 96, 
DRAM unit 98, FLASH memory unit 100 and EEPROM 
element 102 are intercoupled with each other and 
with central processing unit 70. 

Power supply member 104 is selectively 
attachable to invention network controller 40. In 
order to avoid the necessity of different models of 
network controller 40 depending on the local 
electrical power utility^s operating 
characteristics, power supply 104 is provided in 
optional models depending on the country in which it 
is to be used, power supply 104 being capable of 
providing satisfactory output power to network 
Controller 40 regardless of the voltage or frequency 
of the input source provided to power supply 104. 

The application specific integrated circuit 
(ASIC) used in the invention network controller 40 
is disclosed in Figure 6 and is identified by the 
numeral 120. ASIC 120 comprises, a central processor 
unit interface 122 member which is coupled to the 
central processor unit bus by CPU bus link 124 which 
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extends from ASIC 120. Also coupled to the CPU bus 
link 124 is dynamic random access memory (DRAM) 
timing element 126, which provides network 
controller 40 with timing signals for the DRAM 
5 member 98 illustrated in Figure 4 when memory 
refresh of the DRAM 98 is indicated. DRAM timing 
element 126 is also coupled exteriorly to the ASIC 
120 to DRAM member 98 by DRAM link 127. 

Central processing unit interface 122 is 
10 coupled to asynchronous signal processing element 
128 by signal path 130. Asynchronous signal 
5f processing element 128 comprises a baud rate 

its generator cooperative with a universal asynchronous 

M receiver-transmitter . 

15 Also coupled to central processing unit 

§1 interface 122 is network clock and control member 



132 which comprises a programmable network clock 
generator which can be selectively programmed to 
j^^f generate an optional clock speed for a network to be 

20 coupled through RS485 interfaces 82 and 90 seen in 
flj Figure 4. Network clock and control member 132 also 

provides detection means for detections of failure 
conditions on a linked network and provides control 
signals to system components in response thereto, 
25 including interrupt signals to programmable 
interrupt coordinator circuitry included in central 
processing interface 122. Network clock and 
controller member 132 provides data encoding by the 
FMO standard, then the encoded data may be operated 
30 upon by RS485 interfaces 82 and 84 and transmitted 
and received by single twisted pair means to 
multiple serially networked base transceiver units 
exemplified by base transceiver unit 52A, .52B, and 
52C illustrated in Figure 3. 
35 Keyboard controller element 134 is coupled to 

central processing unit interface and provides a 
link exterior to ASIC 120 to keyboard 31 (See Figure 
3). 



FLASH memory/ EEPROM logic control member 136 is 
coupled to central processing unit interface 122 and 
comprises control functions for FLASH memory element 
100 and EEPROM memory element 102 of Figure 3, 

Central processing unit interface 122 is also 
coupled by line 138 to latches exterior to ASIC 120. 

It is to be understood that the base 
transceiver units 52A, 52B, and 520 illustrated in 
Figure 3 are communicative with mobile transceiver 
units by electromagnetic radio means. The mobile 
transceiver units may be associated with bar code 
scanning devices such as the NORAND® 20/20 High 
Performance Bar Code Reader whereby the scanning 
devices scan an object having a bar code associated 
therewith and collect information stored in the bar 
code, which information is then transmitted through 
the mobile transceiver units to base transceiver 
units such as base transceiver units 52A, 52B, and 
52C or base transceiver unit 54 of Figure 3, The 
bar code data received by said base transceiver 
units is then transmitted in the example of Figure 
2, over network 50 by base transceiver units 52A, 
52B, or 52C, or over link 53 by base transceiver 
unit 54, to network controller 40 which performs the 
routing and delivery of the data to the stationary 
data processor, or processors, such as shown for 
example, by host 42 of Figure 3. 

Description of Figures 7 through 11 

Figure 7 shows a block diagram of a 
particularly preferred intelligent base transceiver 
unit known as the RB4000.* . It will be observed that 
the components correspond with components of the 
network controller of Figure 4, and similar 
reference numerals (preceded by 7-r) have been 
applied in Figure 7. Thus, the significance of 
coirtponents 7-70 through 7-73, 7-76, 7-82, 7-96, 7- 
98, 7-100 and 7-104 will be apparetnt from, the 
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preceding description with respect to Figure 4 and 
6, for example. I/O bus 700 may be coupled with a 
spread spectrum transmission (SST) or ultra high 
frequency (UHF) transceiver 701 which may correspond 
5 with any of the transceivers of units 52A, 52B, 52C 
or 54 previously referred to. The network 
controller 70 could have a similar RF transceiver 
coupled with its data port 72 or 73 and controlled 
via input/output bus 400, e.g. for direct RF 
10 coupling with router transceivers such as 901, 901, 
il Figure 9- 

Referring to Figure 8, a network controller 40 
jij is shown with port 71 configured for interface with 

M= a host port type SNA V- 3 5 56K/64K bits per second. 

.Hi 

15 Port 72 is shown as configured for communication 

O with a personal computer of the PS/2 type operating 

J'g asynchronously at 38. 4K bits per second. Port 74 is 

jS coupled with a modem 8-60 providing for remote 

W diagnostics and reprogramming of the network 

ilj. 

20 controller 40. 

Port 73 of network controller 40 is shown as 
being connected with an adapter component 801 known 
as the MBA3000. A specification for the MBA3000 if 
found in APPENDIX A following this detailed 

25 description. In the operating mode indicated in 
Figure 8, the adapter 801 serves to couple 
controller 40 sequentially with four radio base 
transceiver units such as indicated at 811 through 
814. Component 811 is a commercially available 

30 radio base known as the RB3021 which utilizes 
features of Sojka U.S. Patent 4,924,462 and of 
Maihany U.S. Patent 4,910,794 both assigned to the 
present assignee, and the disclosures of which are 
hereby incorporated herein by reference in their 

35 entirety. Base station 811 may communicate with a 
multiplicity of hand-held RF data terminals such as 
indicated at 821. Details concerning base 

transceiver units 812 and 813, B14 are found in the 



attached APPENDICES B and C, respectively. Base 814 
is indicated as being coupled with the adaptor 801 
via RF broadband modems 831 and 832. Base units 813 
and 814 may communicate with a variety of mobile 
transceiver units such as those indicated at 833 and 
834 which are particularly described in APPENDICES B 
and C. 

Figure 9 shows two network controllers 4 OA and 
4 OB each with its host ports configured as with the 
controller 40 of Figure 8. In this example, the 
second ports 72 of the controllers 40A and 4 OB are 
configured for communication a relatively high data 
rate relatively along a distance network channel 56 
which may have the characteristics of the serial 
channel 56 of Figure 3, for example, an RS485 
channel operating at 384 kilobits per second (384K 
bps) . Network base transceivers 52A, 52B and 52C 
may correspond with the correspondingly numbered 
transceiver units of Figure 3, for example, and the 
network may have additional network transceivers 
such as 52D. Furthermore, the network transceivers 
may have RF coupling with router transceiver units 
such as indicated at 901, 902 and 903. Router 
transceiver unit 902 is illustrated as a RB4000 
intelligent transceiver such as represented in 
Figure 7 and having its input/ output bus 700 coupled 
with a peripheral. 

Figure 10 is entirely similar to Figure 9, for 
example, except that ports 72 of the controllers 40A 
and 4 OB are coupled with separate serial type high 
data rate network channels, and ports 73 of the 
respective network controllers are. coupled to a very 
high speed network e.g. in the megabit per second 
range such as ah Ethernet local area network 1000. 
Suitable interfaces are indicated at 1001 and 1002. 

Figure 11 is entirely similar to Figure 9 
except that the ports 73 of the network controllers 
40A and 40B are. coupled with respective local area 



ring type networks which may be separate from each 
other and each have two or more hosts such as 
represented in Figure 9 associated with the 
respective ring networks such as token rings llOOA 
and llOOB. Suitable interface means are indicated 
at 1101 and 1102. 

Description of Figure 12 

Figure 12 shows, for example, two network 
controllers 4 OA and 4 OB, each with two host computer 
units such as 42-lA. Host 4 2 -2 A is shown with a 
printer or other peripheral PI which may generate 
bar codes, for example, for replacement of damaged 
bar codes or the like. Another printer P2 is shown 
associated with base 52C, again for example, for 
producing bar code labels where those are needed in 
the vicinity of a base station. In a large 
warehouse, relatively large distances may be 
involved for a worker to return to a printer such as 
PI to obtain a new bar code label. Thus, it may be 
very advantageous to provide a printer P2 at the 
base station 52C which may be relatively close to a 
processing location which requires printed labels, 
e.g. a processing location in the vicinity of hand- 
held terminal 12-2 in Figure 12. A base 52F may 
have a peripheral P3 associated therewith such as a 
large screen display, a printer or the like which 
may supplement the capabilities of a hand-held 
terminal, for example printing out new bar code 
labels at a convenient location, or providing a full 
screen display ^ rather than the more limited screen 
display area of the hand-held terminal 12-2. 

If, for example, a base radio 52D which might 
be located at the ceiling level of a warehouse 
became inoperative at a time when qualified repair 
personnel were not immediately available, with the 
present system it would be feasible to provide a 
substitute . base radio or base, radios, for example. 
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as indicated at 52D1 located at table level or the 
like. 

With the present system, the base radio 
stations do not necessarily forward data 
communications received from a given terminal to a 
particular host- For example, hand-held terminal 
12-2 may request a path to printer P2, and such a 
path may be created via base stations 52D1 and 52C. 
Station 52C upon receipt of the message form 
terminal 12-2 would not transmit the message to a 
host but would, for example, produce the desired bar 
code label by means of printer P2. Further, 
terminal 12-2 may have provision for digitizing a 
voice message which might, for example, be addressed 
to terminal 12-1. The system as illustrated would 
be operable to automatically establish a suitable 
path for example, via stations 52D1, 52C, 52B, 52E 
and 12-1 for the transmission of this voice message 
in digital form- Successive segments of such a 
voice message would be stored, for example, by the 
terminal 12-1, and when the complete message was 
assembled, the segments would be synthesized into a 
continuous voice message for the user of terminal 
12-1 e-q- by means of a speaker 1201 also useful 
for sending tone signals indicating valid bar code 
read, etc. 

In accordance with the present invention, a 
hardware system such as illustrated in Figure 12 may 
be physically laid out and then upon suitable 
command to one of the network controllers such as 
42-2B, the entire system would be progressively 
automatically self-configured for efficient 
operation. For example, controller 4 OB could 
successively try its communications options with its 
output ports such as 71-73, determining for example, 
that host processors were coupled with ports 71 and 
72, one operating on a. 38.4 kilobit per second 
asynchronous basi$ and the other prei^entirig a SNA 



port for the V,35 protocol at 64 kilobits per 
second. For example, on host, 4 2 -IB might be a main 
frame computer, while the other host 42-2B might be 
a PS/2 type computer system. The controller 4 OB 
having thus automatically configured itself so as to 
be compatible with the devices connected to ports 71 
and 72, could proceed to transmit via port 73 a 
suitable inquiry message to the network channel 56. 
Each of the base stations could operate, for 
example, on a collision-sense multiple-access (CSMA) 
basis to respond to the inquiry message from the 
controller 4 OB, until each of the successive bases 
on the network had responded and identified itself. 
Each base, for example, would have a respective 
unique address identification which it could 
transmit in response to the inquiry message so as to 
establish its presence on the network. 

The controller 4 OB could then transmit auto 
configure commands to the successive bases in turn, 
instructing the bases to determine what peripherals 
and router bases such as 52D1, 52E and 52F were 
within the range of such base, and to report back to 
the controller. For example, bases such as 52C and 
52 F could determine the nature of peripherals P2 and 
P3 associated therewith so as to be able to respond 
to an inquiry form a terminal such as 12-2 to advise 
the terminal that a bar code printer, for example, 
was within direct RF range. 

In the case of a breakdown of a component of 
the system such as 52D, it would merely be necessary 
to place a router device such as 5201 at a 
convenient location and activate the unit, whereupon 
the unit could send out its own broadcast inquiry 
which, for example, could be answered by the base 
stations 52C and 52F, station 52C in turn, advising 
a relevant host or hosts of the activation of a 
substitute router station. Thus, the system is 
conveniently re-self -configured without , the 
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necessity for a technician familiar with the 
particular configuration procedure. As another 
example, where the base stations are operating 
utilizing spread spectrum transmission^ the 
introduction of barriers (such as a new stack of 
inventory goods) to such transmission between a 
given base such as 52A and various terminals, could 
result in the base 52 A contacting router and 52E, 
for example, with a request to become active with 
respect to the blocked terminals. 

Description of Figure 13 

Figure 13 shows and intelligent integrated 
controller and radio base unit 1300 which is 
integrated into a single housing or case 1301 
corresponding to the case or housing 20 of Figure 2. 
the housing 1301 may be provided with an external 
antenna as diagrammatically indicated at 13 02 with 
suitable RF coupling to the radio circuitry 
indicated at 1303. Components 13-70 through 13-74, 
13-76, 13-78, 13-96, 13-97, 13-98, 13-100, and 13- 
102 may correspond with the correspondingly numbered 
components described with reference to Figure 4. 

SUPPLEMENTARY DISCUSSION 

In accordance with the present disclosure, a 
network controller, or integrated network controller 
and radio unit is coupled to one or more host 
computers via a standard interface such as commonly 
encountered in practice ( e.g. RS232, V. 35, 
Ethernet, token ring, FDDI, and so on) . In this 
way, no specialized interface or adapter is required 
for the host. 

Since the preferred network controller can 
connect to two hosts, if one host is detected to 
have failed, or in the event of a system crash, loss 
of communication link, or the like, the network 
contrpller can automat ic,ally switch to the. second 



host. The second host may be a truly redundant 
system, or may be a simpler computer of the PC type 
(a so-called personal computer) that can simply 
store transactions until the main host is restored. 
AS another example, a single host may have a second 
port coupled to a second port of the controller 
especially if a communication link failure may be a 
problem. For example, two ports of the network 
controller may be coupled by separate modems with 
separate phone lines, leading to separate ports of a 
single mainframe computer, for example an IBM3090. 
in a fully redundant system, two ports of a network 
controller may be connected respectively to two 
mainframe computers such as the IBM3090. 

The disclosed network controller can also 
connect one radio network to two hosts using RS232 
or V.35 ports or to many hosts using a local area 
network such as Ethernet, token ring, or FDDI. A 
number of the disclosed network controllers (for 
example, up to thirty-two) can be connected together 
to interface many hosts to a single radio network. 
The hand-held portable terminals in such a network 
can then talk to any of the hosts they choose. 

For example where one port of the disclosed 
network controller is coupled via its RS232 
interface to a mainframe computer such as the 
IBM3090, another of its ports may be coupled via an 
FDDI network with a super computer e^ the Cray X- 
MP. Then mobile and/or portable terminals can 
access either the main frame or the super computer, 
or in general, any of the hosts that are connected 
to the jietwork coritroller. 

As indicated in Figure 9, four hosts can be on 
one network. Referring to Figures 10 and li, a 
multiplicity of hosts may be coupled with each local 
area network so as to be in communication with one 
or more of the disclosed network controllers. 
Furthermore, a single disclosed network. controller 



can control two radio networks such as the one 
indicated at 50 in Figure 3. Where each network 
such as 50 is limited to thirty-two devices, the 
number of devices is doubled with the use of two 
radio networks. Two such radio networks may also be 
utilized for the sake of redundancy, with a 
provision for automatic switch-over from one radio 
network to the second if a problem develops on the 
first. Two radio networks may also facilitate the 
use of different radio technologies in one 
installation. 

The various multi-drop local area networks 
referred to herein, for example at 7-82 in Figure 7 
and as represented at 56, 56A, 56B, Figures 9 
through 12, and at 13-82 in Figure 13 may comprise 
HDLC based local area networks operating at up to 
2.5 megabits per second and using biphase space 
encoding (FMO) for clock recovery from data. 

The components 86 and 94, Figure 4, and 
component 13-11, Figure 13, provides a low-cost base 
radio interface using three pairs of twisted 
conductors. One pair provides a bidirectional RS485 
data line. Another pair is used for the clock and 
has an RS422 electrical configuration, and is one 
directional from the radio to the controller. The 
third twisted pair is also RS422 and is used to 
communicate from the controller to the radio 
transceiver to effect mode selection* 

Since it is advantageous to operate the network 
and router RF transceiver units so as to be 
compatible with existing mobile data collection 
terminals such as shown in APPENDIX Dl et seq. , a 
preferred mode of operation is based on the RTC 
protocol as disclosed in the aforementioned 
incorporated Mahany and Sojka patents and the 
following pending applications: 



(1) U.S. Serial 07/389,727 filed August 4, 

1989 (Attorney Docket No. 6500X) , now issued as U.S. 
Patent No. 5.070,536 on Deceiaber 3, 1991. 

(2) European Published Patent Application EPO 
353759 published February 7, 1990. 

(3) U.S. Serial 07/485,313 filed February 26, 

1990 (Attorney Docket No. 6500y) . 

The disclosures of applications (1), (2) and 
(3) are hereby incorporated herein by reference in 
their entirety. 

An aspect of the invention resides in the 
provision of a network controller having port means 
selectively configurable for coupling in first mode 
with network RF transceiver units at a relatively 
high data rate such as 100 kilobits per second or 
higher, and for coupling in a second mode with 
network transceiver units at a relatively low data 
rate such as about twenty kilobits per second. 
Preferably a single port means such as 2, 3, or 5, 
6, Figure 5, can be software configured to interface 
selectively in the first mode or in the second mode. 
It is presently less expensive to use connectors per 
port rather than a single 37-pin connector for 
example. 

Where a network controller such as 40 operates 
two high data rate networks, for example, one 
network of RF base transceivers could operate with 
the RTC protocol, and the second network could 
operate according to a different protocol such as 
that disclosed in pending application Serial No. 
07/660,618 filed on of about February 25, 1991 
(Attorney Docket No. 37734) , in its entirety^ It 
will be apparent that many modifications and 
variations may be effected without departing from 
the scope of the teachings and concept of the 
present disclosure. 



Description of Figures 14 and 15 

Figure 14 is a block diagram of the circuitry 
for one pair of communication ports 1401 and 1403 of 
adapter 801 (fig. 8) for use in coupling to base 
transceiver units. Three additional pairs of 
communication parts for coupling to six additional 
base transceiver units are provided in the preferred 
embodiment of adapter 801 as exemplified by the 
MBA3 000 Multiple Base Adapter further described in 
Appendix A. It is to be understood that the circuit 
components coupled to each additional pair of 
communication ports of adapter 801 is identical to 
that shown for first port pair lA/lA, that is ports 
1401 and 1403 of Figure 14, The adapter 801 
provides means for connecting the controller 40 
(Fig. 8) at its port 73 to a multiplicity of radio 
base units illustrated in Fig. 8 as, for example, 
811, 812, 813, 814, including in selected pairs. In 
the preferred embodiment of adapter 801, up to eight 
radio base units may be coupled through use of 
adapter 801 to a network controller 40, to be 
controlled by controller 40 in selected pairs 
thereof • The controller 40 may control the radio 
base units such as 811, 812, 813, 814, (Fig- 8) in 
simulcast mode, that is, with all base radios 
interrogating mobile transceiver units such as 821, 
833, and 834 of Fig. 8 simultaneously, or with the 
base units being employed in pairs to interrogate 
the mobile transceiver units. 

Referring again to Figure 14, the network 
controller 40 provides transmit data and baud rate 
select signals to adapter 801.. Within adapter 801, 
the controller outputs are converted to TTL levels 
by TTL converter 1402 and they are then provided to 
buffer 1404 which provides the signals to paired 
RS232 transceivers 1406 and 14.08, and to paired 
RS422 transceivers 1410 and 1412 which deliver the 
converted signals to ports 1401 and . 1403^ 



respectively. By this means, the controller's 
output signals are provided to a pair of output 
ports 1401 and 1403 in both RS232 and RS422 
interface at the same time. An additional three 
output-port-pairs are provided which may be 
denominated 2A/2B, 3A/3B and 4A/4B, which ports are 
controlled and operated identically to ports lA/lB 
identified in Fig. 14 as ports 1401 and 1402. The 
RS232 transceivers 1406 and 1408 and RS422 
transceivers 1410 and 1412 and ports 1401 and 1403 
are illustrative of all circuitry coupled to port 
pairs of adapter 801. 

Similarly, signals provided to adapter 801 by 
base radios coupled to the output port pairs, e.g. 
ports 1401 and 1403 of Fig. 14, are first converted 
to TTL levels by the RS232 transceivers 1406 and 
1408 or by the RS422 transceivers 1410 and 1412, 
depending upon which interface is presented by a 
pair of base radios at port 1401 and 1403. the TTL 
signals the signals to RS 232 interface to be 
delivered to controller 40* A selection unit 1414 
provides a push-to-talk selection signal to the 
RS232 transceivers 1406 and 1408 and to the RS422 
transceivers 1410 and 1412 to provide PTT selection 
signals at ports 1401 and 1403 in both RS232 and 
RS422 format. It is to be understood that similar 
selection units are associated with remaining port 
pairs 2A/2B, 3A/3B. 4A/4B so that the ports may be 
independently operated. 

The adapter 801 of Fig. 8 is exemplified by the 
MBA3000 multiple base adapter unit manufactured by 
the NORAND Corporation of Cedar Rapids, Iowa as 
shown in Appendix A. Because of the operation of 
the MBA3000 multiple base adapter by dual methods in 
either RS232 or RS422 signal environments, the 
MBA3000 may be incorporated into systems having 
existing installed base radios which present only 
and RS232 interface or it. may be incorporated into 



systems having base radios some of which operate at 
RS422 and some at RS232. 

Fig. 15 illustrates a preferred arrangement of 
controller 40 and adapter 801 when used in an 
environment with multiple base radios in multiple 
warehouse environments. Controller 40 is coupled 
to adapter 801 which is coupled to paired bases 
1511, 1512; 1513, 1514; 1515, 1516; and 1517, 1518; 
which are located in warehouses 1501, 1502, 1503 and 
1504. By geographical separation in warehouse 

1501, for example, base radios 1511 and 1513 provide 
substantial coverage of warehouse 1501 such that a 
mobile transceiver being used within warehouse 1501 
would be communicated with by either base radio 
1511 or 1513. By the use of adapter 801, controller 
40 may cause interrogation simultaneously by base 
radios 1511, 1512, 1513, 1514, 1515, 1516, 1517, 
1718, or it may cause sequential interrogation by 
radio pairs 1511/1512, 1513/1514, 1515/1516, or 
1517/1518 in succession. When a mobile transceiver 
responds by RF communication means with a base 
radio, e.g. base radio 1511, the response is 
transmitted by base radio 1511 through coupling 1521 
to adapter 801 which automatically converts the 
incoming response to RS232 interface as necessary, 
to make it suitable for reception by controller 40. 

Through a system as exemplified in Fig. 15, data 
collection from a number of roving mobile 
transceivers may be initiated by a network 
controller 40 through a four-warehouse environment. 
When base transceiver units 1511 and 1512 have been 
unsuccessful in establishing communication with the 
desired mobile transceiver unit, controller 40 will 
then cause bases 1513 and 1514 to attempt 
communication and if base3 1513 and 1514 are 
unsuccessful, controller 40 will proceed through the 
other base radio pairs, namely 1515/1516 and 
1517/1518, as needed, . to establish communication 
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with the desired mobile transceiver unit. Details 
regarding base transceiver units 1511, 1512, 1513, 
and 1514 are found in Appendix B. Details regarding 
base transceiver units 1515, 1516, 1517, and 1518 
are found in Appendix D. 

The adapter 801 is provided to operate in 
either simulcast or sequential mode. In the normal 
or simulcast mode, adapter 801 allows the use of one 
to eight bases, where the bases are configured as 
four pairs of two bases. In this mode the adapter 
801 simulcasts to a single base pair at a time and 
the four sets of base pairs are selected using a 
dynamic time-division multiplexing method. The user 
can configure the adapter 801 to use any of the 
eight base ports, using simulcasting or time- 
division multiplexing to best advantage. 

There are two sets of base transceiver units, 
referred to as set A (identified as^ lA, 2A, 3A, and 
4A) and set B (identified as IB, 2B, 3B, and 4B) • 
Within a set, the base transceiver units are 
selected by time-division multiplexing. 

It can be seen in Fig. 15, that there are four 
pairs of base transceiver units defined as pairs 
lA/lB, 2A/2B, 3A/3B, 4A/4B. Each base transceiver 
unit of a base pair is simulcasted to at the same 
time. 

The hardware of the adapter 801 allows the 
selection of the base pairs (pair lA/lB through 
4A/4B) using control lines from the controller 40. 
Adapter 801 transmits to both base transceiver units 
of a base pair at the same time and receives 
independently from each base simultaneously. 

The use of adapter 801 allows an extension of 
the number of base transceiver units that can be 
used in a facility to allow for adequate coverage, 
it is important to understand how the base 
transceiver units operate when simulcasting is used, 
and when time-division multiplexing is used. 
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The adapter 801 distributes signals transmitted 
by controller 40 to base transceiver pairs at the 
same time, so if there is an overlap in the coverage 
for the two base transceiver units, there may be 
some interference. The amount of interference 
depends on the relative signal strengths; if the 
strength is similar in one spot the chance of 
interference is larger that if the signal strengths 
are different. This type of interference could be 
avoided in some configurations by splitting coverage 
areas of pairs of base transceiver units. Another 
method of covering the overlap area is to place 
another base (not one of the base pairs) to cover 
the overlap area. The radio signals from the mobile 
transceiver unit may be picked up fully or partially 
by either or both base transceiver units of a given 
pair. However the adapter 801 first tries to 
receive from one base transceiver unit, for example 
base 1511, and if unsuccessful, it then switches to 
try to receive from a second base transceiver unit, 
for example base transceiver unit 1513. If the 
information is successfully received from the first 
base transceiver unit, the information from the 
second base transceiver unit is ignored. Thus he 
controller assures data does not get sent to the 
host data processor in duplicate. 

The user may couple from one to eight base 
transceiver units to the adapter 801 and can then 
configure those base transceiver units as required 
to meet the installation's needs. Any combination 
of ports of the adapter 801 can be used* Thus the 
user can take advantage of the ability to simulcast 
or sequentially (via time-division multiplexing) 
access the base transceiver units. 1511, 1512, 1513, 
1514, 1515, 1516, 1517, and 1518. 
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Description of Ficmres 16 and 17 

Figures 16 and 17 disclose the baud rate 
switching procedure for the preferred embodiment of 
a mobile transceiver unit such as mobile transceiver 
units 833 and 834 as .seen in Figure 8 and in 
particular to the mobile transceiver unit 
denominated as the NORAND® RT5910 Mobile Mount Radio 
Terminal of Norand Corporation of Cedar Rapids, 
Iowa, assignee of the instant application, which 
mobile transceiver unit is more particularly 
described in Appendices D5 and G appended to this 
application. 

Referring now to Figures 8, 16 and 17, in the 
preferred embodiment of a mobile terminal 833, the 
communication rate of the unit is initialized for 
reception at a relatively low communication rate, 
e>a. . 4800 baud, as indicated at 1601. 
Transmissions from a host are communicated through 
port 71 of network controller 40, for example, which 
distributes the transmission via adapter component 
801 to base transceiver units 811 through 814. Such 
transmissions are received by the mobile terminal, 
for example mobile transceiver 833, and packets of 
information are detected as being transmitted by a 
base, e.g. > base 811 of Figure 8. The host 
transmissions are examined by the mobile transceiver 
unit 833, as at 1603, to detect the receipt of 
packets of information from one of base transceivers 
811 through 814. Transmissions made by other mobile 
transceiver units, for example, mobile transceivers 
834 or 821, are identified as not coming from a base 
transceiver 811 through 814 and are ignored. 

When a packet of information is detected as 
coming from a base transceiver such as 811 through 
814, the packet counter of the mobile transceiver is 
set to 0, as indicated at 1604 of Figure 16. The 
mobile transceiver continues to detect for valid 
packets and if additional valid packets are received 



within ten seconds, as at 1605, the mobile 
transceiver examines its current communication rate, 
at 1606, and if its highest rate is not currently in 
use, it increments the packet count by one for each 
valid packet received, as indicated at 1607. If no 
higher communication rate is available at step 1606, 
the mobile transceiver returns to 1605 to detect for 
valid packets and no increment of the packet counter 
occurs . 

If at 1605 additional packets are not received 
within ten seconds, the mobile transceiver tests if 
a higher communication rate is available, as 
indicated at 1609 ♦ If the highest communication 
rate is in current use and because packets have not 
been detected at 1605, the mobile transceiver 
returns to its initial, lowest rate, as at 1601. If 
the highest rate of communication, i.e. ^ highest 
baud rate, is not in effect, the mobile transceiver 
unit switches to its next higher communication rate, 
as at 1611, and returns to detecting for valid 
packets, as indicated at 1603* 

When a higher rate of communication can be 
selected, the mobile transceiver unit continues to 
detect for valid packets within the ten second 
interval, as indicated at 1605, and continues to 
increment its packet counter at 1607 when valid 
packets are received. While fewer than twenty 
packets have been counted, the mobile transceiver 
unit continues to detect, as at 1605, but when 
twenty or more valid packets have been received, as 
at 1608, the mobile transceiver switches to its next 
higher baud rate, as at 1610 and commences to detect 
for valid packets at the higher rate. If valid 
packets are not received within the two-second 
interval evaluated at 1602, the mobile transceiver 
resets its communipations rate to its next lower 
rate at 1612 and resets its packet counter to zero 
at- 1604 and proceeds to evaluate base transmissions 



to any mobile transceiver for valid detected 
packets, at 1605. 

If at the incrementally higher rate set at 
1610, packets continue to be effectively received at 
1602, the unit resets its packet counter to 0 at 
1604 and proceeds to evaluate for additional valid 
packets at the new, higher rate. 

If a transmission from a base transceiver to 
any terminal is received and packets are 
successively detected at the relatively higher data 
rate, then the mobile transceiver unit is kept in 
its higher communication rate, that is for example, 
at 9600 baud. If no transmissions are received or 
if transmissions are received but packets are not 
successfully detected on a consistent basis, or if 
insufficient packets are received during the time 
out interval, then the communication rate is set to 
the next lower rate, as at 1612 • 

If packets of communications from the base 
transceivers continue to be detected, the packet 
counter is incremented, as at 1607. When twenty or 
more packets are received before the elapse of the 
time out interval, as at 1608, then the mobile 
transceiver switches to a higher rate, as at 1610. 

By operating in this manner, the mobile 
transceiver unit, such as 833 of Figure 8, 
continuously monitors for the highest rate at which 
valid base transmission packets are received and 
retains that rate while packets continue to be 
received, with an occasional trial at a higher 
communication rate so that use of a higher rate can 
be effected if transmissioh conditions permit such 
communication. 

In the invention disclosed in incorporated U.S. 
Patent Number 5,070,536 a received signal strength 
indicator (RSSI) means is utilized to evaluate the 
feasibility of attempting transmission at the normal 
data rate or at a relatively higher data rate. In 
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the RSSI scheme there is a need to establish a 
correlation between the analog to digital reading 
from the radio with a certain DB strength* This 
calibration must be performed by the manufacturing 
floor, or service department. Basing the rate on 
RSSI is a good method, but calibration can be 
avoided with the preferred embodiment. Because the 
mobile transceiver unit of the preferred embodiment 
is always active, a quick determination of suitable 
baud rate is not required. The method disclosed 
herein is more forgiving of potential changes to 
equipment (aging or detuning) in the field. 

The mobile transceiver unit of the preferred 
embodiment switches baud rate based on experience, 
or received signal quality. When the mobile 
transceiver unit of the preferred embodiment is not 
receiving valid packets from the base transceiver, 
it switches between 4800 and 9600 baud attempting to 
locate a valid packet. 

The switching rate is set at about every 1-2 
seconds, the time out internal. Once a valid packet 
is received from the host, the rate is locked in. 
After lock-in, a lack of packets is required for 
about 5-10 seconds before the baud rate seek is 
started again. Valid host packets always cause 
lock-in, regardless of the destination terminal 
address. 

Time delays are actually determined by the 
quantity of indeterminate characters being received, 
which happens continuously between packets. 
Characters which are part of ^ valid terminal packet 
are not counted as indeterminate characters or as 
valid host packets. In the enhanced adaptive poll 
protocol, not all packets can be identified as 
originating from the base transceiver unit*. These 
packets are assumed to originate from another mobile 
transceiver unit and are not counted. 



If the rate locked in is the slower 4800 baud, 
after every twenty valid packets, an opportunity is 
taken to "peek" at the higher 9600 baud rate for a 
valid packet • If a valid host packet is seen at 
this rate, lock-in at 9600 baud is performed. 

The RSSI method requirei: the base receiver to 
be transmitting something before the signal strength 
can be determined. The valid packet method of the 
preferred embodiment requires a packet from the 
base transceiver to be received error-free. The 
RSSI method may provide invalid results if the 
mobile transceiver unit rc. aives a packet from 
another mobile transceiver closer than the base 
receiver, unless a valid bece receiver packet is 
tested for. The valid packec method will ignore a 
packet received from a closer mobile transceiver 
unit because it always watches for a valid host 
packet . 

When the host is used with two bases and two 
baud rates and two protocols and light data traffic, 
the amount of time between valid packets at any baud 
rate can be substantial. This forces the mobile 
transceiver to start seeMi'xr c. new rate. In some 
cases, all mobile transcriv-^ units revert to 4800 
baud because the number of l ; determinate characters 
to be received before failure occurs in a time out 
period is twice as many at 4800 baud as when the 
rate is 9600 baud. Thus the r-cb\le transceiver unit 
is more reluctant to leavt; : ^ ,3iud. The preferred 
embodiment mobile transc^ . : t is also capable 
of identifying real time c^n roi, enhanced adaptive 
poll, or other polling pro.:ccois. This is used to 
identify more packets fro::: ..hr bese transceiver when 
the base transceiver is running dual protocol. 

As diagrammatically illustrated in Figure 17, 
the mobile transceiver unit is initialized in 
receive mode at the normal data rate, indicated as 
"RxL", at 1701. The mobi ii. ^^ansceiver then begins 
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to switch in receive mode between the normal data 
rate and the higher data rate, RxH, at 1702, while 
attempting to detect valid packets being transmitted 
by a base transceiver to another mobile transceiver 
unit. The mobile transceiver unit of the preferred 
embodiment also attempts to detect other 
transmissions from a base transceiver, including 
sequential or other protocol polling signals. 

When receiving at the lower normal data rate, 
as at 1703, after twenty packets are received within 
a time out period and when no communication session 
has been commenced with a base transceiver, the 
mobile transceiver switches to the higher data rate 
to sample whether packets can be successfully 
received at the higher rate, as at 1704. If packets 
are not successfully detected, the mobile 
transceiver unit recommences cycling in receive mode 
between the normal data rate and the higher data 
rate, as at 1705 and 1706, while in the higher data 
rate setting, if packets are successfully received, 
as at 1706, the mobile transceiver unit stays locked 
in at the higher rate and may begin a communication 
session with a host/base transceiver as at 1709- 
1710-1711. After the communication session is 
complete, the mobile transceiver unit returns to the 
lower data rate in receive mode, as at 1712 and 
continues to reciprocate between the higher and 
lower data received rates as at 1712-1713 until 
packets are again successfully detected. A 
communication session with a host/base transceiver 
may be initiated at the lover data rates, as at 
1714--1715, if a signal is directed to the unit at 
the lower data rate while packets are being received 
at the lower rate and before twenty packets are 
received or the time out period expires. 

When valid packets or polling signals are 
detected at the higher data rate, the. mobile 
transceiver unit remains in v receive mode at : the 



higher data rate while packets are being 
successfully received and before elapse of the time 
out period. 

The following appendix F provides an exemplary 
computer program listing for preferred control 
instructions for the system disclosed herein. 

The RT1200 system utilizes time division 
multiplexing on a single frequency channel (e.g. in 
the 450 megahertz band) to provide access to the 
respective teriainals. The RT1200 communications 
protocol is based on a sequential polling method 
that transmits a query addressed to each portable 
terminal in succession, and allows ci specified 
amount of time for the addressed terminal to respond 
in case a data message is ready for transmission. 

A transmitted message consists of an 
initialization sequence, unit address, message 
identifier and system information, message data 
and/or control commands, error control ^ and end of 
message indication. The basic sequential polling 
procedure of a base station such as the RB1212 is 
illustrated in FIG. 2 wherein level TX represents 
transmit mode of the base station, and level RX 
represents receive mode. In FIG. 18, solid line 
2021 represents a transmit time interval wherein the 
base station transmits a polling signal for a mobile 
unit of a first address, e.g. #0, at a predetermined 
data rate e.g. 4800 baud. The base station then 
allows a specified amount of time re: resented as 
tir)^: interval 2022 for the addressed arminal to 
respond if communication activity is re raired. The 
intervals at 2023 and 2024 apply to a second 
terminal address, e.g.. #1, the intervals 2025 and 
2026 apply to a third terminal address, e.g. #2, the 
time intervals 2027 and 2028 represent the operation 
of a fourth terminal, e.g. #3, and so on. 

The sequential polling process is timed by the 
multiplexor 15, FIG. 1> of the RT1200 system such. 



that if a response is not received from the 
addressed mobile terminal within the allotted time 
such as indicated at 2022, a poll is issued to the 
next terminal in the sequence, e.g. as indicated at 
2023, In the RT1200 system, if the designated 
mobile unit has some information to send to the host 
computer 17, that information is immediately 
transmitted to the host as the response, in which 
case the base station remains in reception mode. In 
effect, for the RT1200 system, any of the reception 
intervals 2022, 2024, 2026, etc. will be extended so 
as to receive complete messages from the respective 
addressed terminals where such messages are ready to 
be sent in response to the respective polling 
transmissions 2021, 2023, 2025, 2027, etc. In FIG. 
2, it is assumed that mobile unit #3 is the first 
unit with a message to send. In this case, the base 
station while in receive mode as indicated at 2028, 
will actually receive a transmission from mobile 
unit #3 indicating that a message will follow* The 
base station in response to the transmission from 
mobile unit #3 (which is signified by a second line 
2 02 8 A in FIG. 2) remains in receive mode for the 
duration of the message from unit #3 . The message 
itself from unit #3 may . occur over a time interval 
as represented by dot-dash line 2 02 SB, and may be 
followed by an end of message transmission from unit 
#3 as indicated by a second line at 2 02 SC. In 
response to the end of message signal at 2028C, the 
base station switches to transmit mode and transmits 
an acTcnowledgement iaessage as indicated at 2029 for 
advising unit #3 that the message was properly 
received. 

The base station then resumes polling, e.g. 
transmitting a polling signal at 2030 addressed to a 
mobile unit #4 and switching to receive mode for an 
interval 2031, and so on. In order to minimize 
channel capacity that is wasted polling inactive = 
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terminals, activity time-outs may be employed so 
that units that have not transmitted are dropped 
from the polling sequence and placed in a contention 
queue. The assumption would be that inactive units 
are either not being used at all or that the 
operator is busy at some other activity for 
significant amounts of time. 

FIG. 19 illustrates standard system timing (in 
milliseconds) for the RT1200 system as represented 
in FIGS. 1 and 18. As indicated, a polling sequence 
such as indicated at 2021 and 2022 in FIG. 18 may 
occupy an overall time interval of 127 milliseconds, 
with a poll interval corresponding to interval 2021 
in FIG. 18 requiring twenty -two milliseconds, a 
transmit/receive turnaround interval such as 
represented at 2033 in FIG. 18 requiring forty-five 
milliseconds, and a receive interval such as 
indicated at 2022 in FIG. 18 being allotted fifteen 
milliseconds. 

FIG. 20 illustrates the corresponding standard 
system timing (in milliseconds) for a second product 
family known as the RT2200 system of Norand 
Corporation. In this case, a standard cycle 
corresponding to the intervals 2021, 2033, 2022 and 
2034 in FIG. 19 requires a total of sixty-seven 
milliseconds, polling intervals such as 2035 and 
2036 requiring twenty-two milliseconds, and 
intervals 2037, 2038 and 2039 each requiring fifteen 
milliseconds. The shorter transmit to receive and 
receive to transmit times offered by the RT2200 
system result in nearly twice the polling speed in 
coitiparison to the RTIZOO system. The modulation 
method and communication bit rates aire identical in 
the two system families so that it is possible for 
the components of the RT1200 and RT2200 systems to 
be mixed subject to some limitations. For example, 
any mix of terminals or bases that includes an 
RT1211 multiplexor or an RT1212 base requires that 
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the forty-five millisecond intervals such as 2033 
and 2034 be included during coinmunication involving 
these components. More particularly, if either the 
RT1212 base station or RT1211 multiplexor is used 
with a mixture of RT1210 and RT2210 terminals, all 
terminals must respond using the slower (45ms) 
delay. If these units are replaced with both the 
RB2212 base, and RM2216 multiplexor, the system has 
the capability of adjusting the delay to match the 
particular terminals in use. For example, if units 
#1, #5, and #7 are RT2210's, and units #2, #3, #4, 
and #6 are RT1210's, the former three will be polled 
using the 15ins delay, the latter four will be polled 
using the 45ms delay. 

Description of FIG> 21 

In a more recent commercial development, a 
mobile terminal unit is to be utilized that includes 
a high performance 16-bit microprocessor and a 
memory capacity that allows large and complex 
application programs to reside and be executed 
within the terminal. With the introduction of 
this terminal, two new radio protocols have been 
developed. Both protocols use the slotted 

reservation approach for obtaining system access. 
The major difference between them is that one 
utilizes asynchronous data transmission which is 
backwards compatible with the hardware in the 2210, 
whereas the other utilizes synchronous data 
transmission, which is more efficient, but which 
requires specific hardware utilized only in the new 
terminal. The same slotted reservation access and 
data rate selection schemes are to be used with both 
protocols* Implementation of the new protocol in 
the RT2 2 10 terminals requires a change of read only 
memory (ROM) . Implementation in the new terminal 
consists Qf a downloaded program resident in 
nonvolatile random access memory (RAI4).. 



As shown in FIG. 21 a general poll message such 
as indicated at 2040 is transmitted to all terminals 
in the system, and the terminals are allowed to 
respond in random "time slots" such as indicated at 
2041-2044 to indicate * to the controller that 
communication activity is desired by the terminal. 
The example in FIG. 21 provides four time slots 
2041-2044 in which the terminals may respond to the 
poll. In practice, the number of time slots are 
varied depending on the traffic load and other 
conditions. Each terminal may respond to the poll 
2040 in any of the desired time slots with its 
address and some positive acknowledgement. The 
particular time slot in which the terminal chooses 
to communicate is selected at random by the 
terminal. In the event that several terminals - 
potentially more than the number of time slots 
available, desire communications, a good probability 
may remain that at least one of the terminals will 
transmit its response in a time slot which is free 
of other responses. Under light loading conditions, 
it is likely that more than one slot will contain an 
intelligible response message, which further 
improves the efficiency of the polling procedure. 
An additional efficiency improvement may be realized 
because of a "capture" phenomenon of radio frequency 
modulation that allows recovery of a relatively 
strong signal in the presence of a relatively weak 
interfering signal. 

Referring to FIG. 21, it may be that a terminal 
unit with an address, of #3 responded during the 
first time slot 2041, and that a terminal unit #0 
responded in time slot 2P43. Several terminal units 
may have simultaneously responded in time slot 2042 
such that none was identified by the base station. 
In such a case, the base station after elapse of 
time intervals 2041-2044, may first transmit a 
polling signal 2051 addressed to terminal unit #3,- 
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and then receive a message from unit #3 as indicated 
at 2052. As in FIG. 18, the message received at 
2052 may include a preamble indicated at 2052A, a 
message proper 2052B, and an end of message signal 
2052C. The base station may then transmit an 
acknowledgement message as represented at 2053, and 
thereafter proceed during time interval 2054 to poll 
the next terminal unit, e^g* #0, which successfully 
responded to the general poll at 2040. The message 
from terminal unit #0 may include message components 
such as described for message 2052. After each 
successfully responding mobile terminal has been 
polled and its respective message received, the 
procedure may be repeated with a further general 
polling cycle as at 2040-2044. 

Description of FIG. 22 

A radio data system utilizing the present 
invention is shown in FIG. 22. Such a system may be 
compatible with the product families as represented 
in FIGS. 1 and 18-21. Thus if the system of FIG. 22 
utilizes a base station 2070 capable of operating at 
either 4800 bits per second or 9600 bits per second 
under the control of a communications controller 
2071, such a base station can be installed in one of 
the prior systems e.g. in place of a RB2212 base 
transceiver, and may operate at a fixed data rate of 
4800 bits per second. Subsequently, if upgraded 
mobile terminal units 2080 and terminal 
communications controller means 2081 are introduced 
into the system, operation at 9600 bits per second 
becomes available so as to achieve increased system 
performance. Coiamunication at 9600 bits per second 
generally requires a stronger radio signal than 
communication at 4800 bits per second, so that the 
system of FIG. 22 may be designed to recognize when 
the .signal strength is insufficient and to 
automatically switch to 4800 bits per second. 



Eventually, the system can be upgraded so as to 
utilize terminal units such as 80 exclusively. The 
4800 bits per second data rate offers both the 
potential for direct compatibility with earlier 
products, and a "fall back" mode if signal strength 
does not allow communication at 9600 bits per 
second. A system such as indicated in FIG. 22 can 
be reached in stages with each upgrade step 
providing the user with increased performance and 
productivity that justifies the incremental cost. 
Since the largest investment is in the terminals, 
the upgrade strategy minimizes terminal 
obsolescence, offering the greatest possible useful 
life of the users' investment. 

In a system such as indicated in FIG. 22, the 
transmitter and receiver components 2072A, 2072B and 
2082A, 2082B may be switchable between data rates 
which are related by a factor of two, so that 
hardware complexity can be minimized. It would be 
possible to extend the concept to utilize a third 
data rate e.g. 1200 baud or 2400 baud for further 
enhancement of fringe performance. In a preferred 
system each remote unit such as 2080 is identified 
by a unique address. Transmission between the base 
and the remote units may be initiated by the 
controller 2071 through the use of sequential 
polling as in FIG. 18 or by means of a contention 
protocol such as represented in FIG. 21, 

In the system of FIG. 22, polling signals such 
as indicated at 2021, 2023, 2025, 2027, FIG. 18 and 
such as indicated at 2040, 2051 and 2054 in FIG. 21 
may be at the standard data rate, e.g., 4800 baud, 
with terminals switching to transmit 9600 baud when 
a message transmission is required, and conditions 
pendit, for example in the case of mobile unit #3 
during the interval 2028 in FIG. 18. In FIG. 21, it 
may be assumed that mobile unit #3 was ' the sole 
respondent in interval 2041 and mobile unit #0 was 
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the sole respondent in time slot 2043, In this 
case, the poll at interval 51 may be directed to 
mobile unit #3, and the response of mobile unit #3 
during interval 2052 may be at the high data rate 
e.g. 9600 baud. Similarly, the individual poll at 
interval 2054 may be addressed to mobile unit #0, 
and mobile unit #0 may respond during the following 
interval at the high data rate e.g. 9600 baud. 
Polls are typically of short duration, so that the 
throughput penalty for using the lower data rate for 
polling is relatively slight. Polling at 4800 baud 
also maintains backward compatibility with older 
equipment, and ensures that units operating under 
fringe (weak signal) conditions can have access to 
the base station. 

In FIG. 22, the radio base station 2070 may be 
described as comprising the base station controller 
means 2071 and a base station transceiver means 
2072^ and a base station input/output means 2073. 
Controller means 2071 may provide an interface with 
a host computer 2074 similarly to the known 
commercial system of FIG. 1, and may also control 
the mode of operation and data rate of the base 
station transceiver means 2072, and serve as an 
interface to the input/output means 2073. The 
mobile terminal unit 2080 may be described as 
comprising terminal controller means 2081, mobile 
transceiver means 2082 and terminal input/ output 
means 2083. The controller means 2071 and 2081 
together may be considered to form a radio system 
control means as represented by dash line/rectangle 
2090, responsible for operating the system at a high 
data rate when feasible, and for automatically 
shifting to a lower data rate e.g. when a given 
mobile terminal unit moves beyond . the range for 
reliable high data ratie transmission. 

The terminal controller means also includes 
means providing the interface to the terminal 



input /output means 2 083 as in the earlier versions 
heretofore described. The controller means 2071 may 
operate the base transceiver 2072 so as to execute 
sequential polling as in FIG. 18 for terminals such 
as shown in FIG. 1 and such polling and responses 
thereto will take place at the standard data rate 
e.g. 4800 baud. 

It is preferred to poll the improved terminal 
units such as 2080 utilizing a contention poll as in 
FIG. 21 where there are large numbers of such 
terminal units with low to moderate activity rates 
since this procedure does not waste time polling 
units which do not have data to transmit. Under 
conditions of heavy usage, the controller means 2090 
may shift to the sequential polling procedure of 
FIG. 18 if an excessive number of collisions in the 
respective time slots prevents efficient 
communication in the FIG. 21 mode. 

FIG. 22 illustrates that the base station or 
mobile terminals, or both may include a received 
signal strength indicator (RSSI) component 2092. 
For characterizing signal strength using RSSI, 
several samples of signal strength would be made 
during receipt of a message and a computation to 
determine average signal strength would be made. 
This is necessary because of the multipath 
conditions typically found within buildings, and in 
mobile operation. A fixed threshold would be used 
for making data rate selection based upon signal 
strength. If signal strength is above threshold, 
the high rate would be used. If signal strength is 
below threshold, the low rate would be used. . 

Description of FIGS. 23 and 24 

FIG. 23 shows the case where base station 2070 
polls a terminal unit 2080 at thej standard data rate 
(represented by level "TX") during an interval 2121, 
and has its receiver 2072B in the high data rate 
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(level "RXL" representing the standard data rate and 
level "RXH" representing the high data rate) for 
receiving a response during time interval 2122. 
FIG. 24 represents a polled mobile unit 
corresponding to unit 2080, FIG. 22, but which would 
not require a switchable data rate receiver. Thus 
the mobile unit of FIG. 24 would be in a fixed 
standard data rate receive mode (RX) during time 
interval 2131, and would switch to high data rate 
transmit mode (TXH) for transmitting a response 
message during time interval 2132. As in FIGS. 18 
and 21, if the base station properly received the 
message at the, high data rate, the base could 
transmit an acknowledgement at the standard data 
rate (TX) during interval 2141, the mobile unit 
being in the standard data rate receive mode (RX) as 
represented at 2151. 

Description of FIGS. 25 and 26 

FIG. 25 shows a method of operation utilizing 
the system of FIG. 22, wherein base station 2070 
polls a terminal unit 2080 at the standard data rate 
(represented by level "TX") during an interval 
2121A, and has its receiver 2072B in the standard 
data rate level "RXL" for receiving a response 
during time interval 2122A. FIG. 2 6 represents a 
polled mobile unit corresponding to unit 2080, FIG. 
22, but which would not require a switchable data 
rate receiver. Thus the mobile unit of FIG. 26 
would be in a fixed standard data rate receive mode 
(RX) during time interval 2131A, and would switch to 
standard data rate transmit mode (TXL) - for 
transmitting a response message during time interval 
.2132A and then switch to high data rate mode for 
interval 2132B. As in FIGS. 18 and 21, if the base 
station properly received a message at the high data 
rate during interval 2122B, the base could transmit 
an acknowledgement at the standard data rate (TX) 



during interval 2141A, the mobile unit being in the 
standard data rate receive mode (RX) as represented 
at 2151A. 

Exemplary Operation for a 

System According to FIGS. 1, 

18 and or 20-21 and F IGS. 22-26 

In the exemplary mode of operation of FIGS. 23 
and 24, with sequential polling, polling would take 
place at the standard data rate, e.g. 4800 baud, in 
time intervals such as indicated at 2021, 2023, 
2025, 2027 and 2030, FIG. 18, and at 2121, FIG. 23. 
The base station could be programmed with the data 
rate capacities of the respective terminal units, 
and always switch to receive at the standard data 
rate after polling of a fixed data rate terminal as 
in FIG. 18. If, for example, terminal units #0, #1 
and #2 were of the fixed data rate type, then 
receiver 24 would be conditioned to receive response 
messages at the standard data rate during response 
time intervals 2022, 2024 and 2026. 

If terminal unit #3 were of the type shown at 
2080 in FIG. 22, the base station would be 
programmed to send the poll during time interval 
2121, FIG. 23, at the standard data rate and then in 
a default mode (in the absence of a definite event 
indicating a lower data rate) would switch its 
receiver 2082A to receive at a higher data rate 
during the response time interval 2122. Each mobile 
unit such as 2 080, FIG. 22, in default mode, could 
have its transmitter 2082B ready to transmit during 
an interval such as 2132 at a higher data rate than 
the standard data rate. Where the standard data rate 
is 4800 baud, it is preferred to utilize a higher 
data rate of twice the. standard data rate, i.e; 9600 
baud, for a communications system such as here 
described, since such a relationship makes the 
switchable baseband transmit and receive circuitry. 
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simpler. The receiver 2 08 2 A would not need to be 
switchable but could be fixed to receive at the 
standard data rate, e.g., 4800 baud, as at 2131. In 
this case, a mobile unit such as 2080 with address 
#3 would receive the poll during time interval 2131, 
and be ready to transmit its message at a higher 
data rate, e,g. 9600 baud. In correspondence with 
FIG. 20, the mobile terminal unit may switch from 
receive to transmit (R/T) mode in fifteen 
milliseconds during interval 2160. 

The base station 2070 may receive the high data 
rate message and issue an acknowledgement at the 
standard data rate during interval 2141. If the 
message is received with an unacceptable number of 
errors, controller 2071 may be programmed to 
transmit a switchover signal to mobile unit #3, 
e.g., during interval 2141, commanding that the 
message be retransmitted at the standard data rate, 
and storing a corresponding switchover command in 
its polling control memory e.g. when the switchover 
command is acknowledged by unit #3 as at 2162. In 
the case of a mobile terminal of a passive type, 
mobile unit #3 could then have its transmitter 2082B 
operate in the standard data rate mode until a new 
startup of operation, e.g. on a subsequent working 
day, or until it received a special switchback 
signal from the base station. 

During standard data rate mode, mobile unit #3 
even with no message to transmit, would operate so 
as to receive any messages directed to it by the 
base station. Once the base station had registered 
a given mobile vmit, e.g. #3, as having switched to 
transmission at the standard data rate, the base 
station could execute a program controlling a 
tentative resetting of such mobile unit to a higher 
data rate. In a simple case, the base station could 
instruct the mobile unit to . attempt a high data rate 
transmission by sending a switchback polling message 
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during an interval such as 2027, FIG. 18, or 2051, 
FIG. 21, after the expiration of a given number of 
polling cycles. If message traffic was heavy, each 
polling cycle would tend to be of longer duration, 
reducing the frequency of such high data rate 
trials. 

In the exemplary mode of operation of FIGS. 25 
and 26, with sequential polling, polling would take 
place at the standard data rate, e.g. 4800 baud, in 
time intervals such as indicated at 2021, 2023, 
2025, 2027 and 2030, FIG. 18, and at 2121A, FIG. 25. 

If terminal unit #3 were of the type shown at 
2080 in FIG. 22, the base station would be 
programmed to send the poll during time interval 
2121A, FIG. 25, at the standard data rate and then 
switch to receive at 2122A, also at the standard 
data rate. If the transmitted response during 
interval 2132A contains a command indicating 
operation at the higher data rate, the base would 
switch its receiver 2 08 2 A to receive at a higher 
data rate during the remainder of the response time 
interval 2122B. Each mobile unit such as 2080, FIG. 
22 in default mode, could have its transmitter 2082B 
ready to transmit at the standard data rate during 
an interval such as 2132B rather than at a higher 
data rate than the standard data rate. Where the 
standard data rate is 4800 baud, it is preferred to 
utilize a higher data rate of twice the standard 
data rate, i.e., 9600 baud, for a communications 
system such as here described, since such a 
relationship makes the switchable baseband transmit 
and receive circuitry simpler. The receiver 2082A 
would not need to be switchable but could be fixed 
to receive at the standard data rate, e.g. 4800 
baud, as at 2131A. In this case, a mobile unit such 
as 80 with address #3 would receive the poll during 
time interval 213 lA, and be ready to transmit the 
baud rate switching command and during interval 



2132A at the lower data rate, e.g., 4800 baud. In 
correspondence with FIG. 20, the mobile terminal 
unit may switch from receive to transmit (R/T) mode 
in fifteen milliseconds during interval 2160A. 

The mobile unit may send its high data rate 
message during interval 2132B, the base station 2070 
receiving the high data rate message as indicated at 
2122B and issuing an acknowledgement at the standard 
data rate during interval 2141A. If the message is 
received with an unacceptable number of errors, 
controller 2071 may be programmed to transmit a not 
acknowledge (NACK) to mobile unit #3 during interval 
2141A, and the mobile unit being in a state to 
receive the message as represented at 2151A. 
Controller 2081 of mobile unit #3 may be programmed 
either to attempt retransmission at the high data 
rate during the following polling cycle, or to 
retransmit at the low data rate, depending on 
whether recent previous attempts at the high rate of 
transmission had also failed. 

Having switched to transmission at the standard 
data rate, controller 2081 of mobile unit #3 could 
execute a program controlling a tentative resetting 
of such mobile unit to a higher data rate. In a 
simple case, the controller could attempt a high 
data rate transmission by sending a switchback 
message during an interval such as 2041, 2042, 2043 
or 2044, FIG. 21, or such as 2132A, FIG. 26, after 
the expiration of a given a number of polling 
cycles. If message traffic was heavy, each polling 
cycle would tend to be of longer duration, reducing 
the frequency of such high data rate trials • 

Description of FIGS. 27. 28, 29 and 30 

A , mobile unit such as 80 may include a 
temperature sensor for sensing ambient temperature. 
Such a temperature sensor may be associated with the. 
terminal input/output means as indicated at. 83A, . 



FIG. 22. Such a temperature sensor may be 
incorporated in the mobile terminal unit for use in 
connection with digitally controlled oscillator 
compensation, bias compensation of liquid crystal 
displays, or over /under temperature sense and 
shutdown, for example. 

The temperature sensor 2083A is useful in 
determining data rate since temperature changes at 
the transmitter 2 082B can cause a shifting of the 
frequency of the RF carrier. 

The base station input/output means 2073 may 
also include a temperature sensor 2 073 A, and a 
digital measure of ambient temperature at the base 
is useful in controlling data rate since the local 
oscillator frequency of receiver 2072B is affected 
by temperature. 

It is advantageous to communicate the 
temperature of the base unit 2071 to the mobile unit 
80, so that the mobile unit can obtain a measure of 
any differential in ambient temperature between the 
mobile unit and the base. As the magnitude of the 
temperature differential begins to become large, the 
received high data rate signal becomes skewed 
(relative to the center of the IF filter passband) . 
This results in distortion in the recovered data, 
which eventually with increasing magnitude of the 
frequency error makes data recovery impossible, 
signals with higher frequency components are more 
vulnerable to this effect, so that operation may 
still be feasible at the standard data rate. 

Knowing the temperature of the unit, and the 
approximate averaije frequency vs. temperature 
profile, there are alternative ways to aid data rate 
selection. A preferred way would be to break the 
operating temperature range into three regions where 
the frequency is likely to be either near its 
nomirial value, high, or low. In the system of FIGS^ 
27 and 28, the nominal reg.iQn.(s) might- encompass, the 
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temperature range where the frequency is likely to 
be within +/- 1 KHz which is about +/- 2pp2n at 
450MHz, or +/- 0,8 ppm at 800MH2. The high 
region (s) would be those where the frequency is 
likely to be above this value, the remainder would 
be classified as low regions. A simple high, 
nominal, or low indication would be communicated 
over the link for use in establishing data rate* 
Because of the statistical nature of the temperature 
profiles, the only time that temperature information 
would be heavily utilized to make a data rate 
decision would be when two units wishing to 
communicate were at opposite extremes, e.g. high and 
low, or low and high. 

From a practical standpoint, it is more 
efficient for each portable unit to make the 
determination as to the magnitude of the temperature 
differential relative to the base, since in this 
case, the base can transmit its temperature 
information to all mobile units once each polling 
cycle, minimizing system overhead. If the portable 
unit determines that base and portable frequency 
error are at opposite extremes data rate will revert 
to the standard rate. 

For the case of sequential polling, temperature 
information from the base station 2070, FIG. 22, can 
be transmitted during an interval such as indicated 
at 2171, FIG. 27, or 2171A, FIG. 29, prior to 
polling of a first mobile unit as at 2172, FIGS. 27 
and 29. In a contention type polling procedure, 
temperature information from the base station '207Q 
can be transmitted as indicated at 2174, FIG. 28, or 
2174A, FIG. 30, prior to a general poll at interval 
2175. 

In FIGS. 27 and 28, temperature information may 
be sent as part of a test transmission which will 
also include for example a transmission of a known 
sequence particularly sensitive to. jitter or other 
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disturbances, FIGS. 29 and 30 represent the case 
where only base temperature information is sent 
prior to a polling signal. 

Each mobile unit having a message to transmit 
will evaluate the temperature condition at the base 
2070 in relation to its ambient temperature as 
sensed at 2083A, FIG* 22, and determine the correct 
data rate for its message. For example^ the first 
mobile unit may respond to its poll at 2172, FIG. 27 
or FIG. 29, by transmitting a signal during interval 
2176, FIG. 27 or FIG. 29, indicating whether its 
message will be sent at the standard data rate or at 
the higher data rate. The base station will then 
operate its receiver 2072B to receive the message 
during interval 2177. 

Similarly for the case of FIG. 28, or FIG. 30, 
each mobile unit such as 80 having a message to 
transmit will evaluate the base temperature 
information in relation to its ambient temperature, 
and respond in a selected time slot such as 2178 
with a message indicating its address and whether 
its message will be transmitted at the standard data 
rate or at the higher data rate. Then when such 
mobile unit is individually polled by the base as at 
2179, it will proceed to send its message at the 
selected data rate. 

In FIG. 30, the temperature information and 
general poll signal may be combined so as to be 
transmitted as a unitary signal burst e.g. during 
the general poll interval 2175A, so that the 
separate transmission interval 2174A may be omitted. 

Description of FIGS. 31 and 32 

For the case of sequential polling, FIG. 31 
shows the polling at 2181 of a mobile unit such as 
2080, FIG. 22, whose transmitter 2082B has been 
switched over to the. low data rate mode, for example 
as described in reference to. FIG. 23 and 24. Where 



- 67 - 

the mobile unit has a message to send, it may affirm 
this in interval 2182 by means of a test precursor 
signal at the low data rate during interval 2182, 
This signal at 2182 causes the base station to 
switch to high data rate reception at 2183, 
whereupon the mobile unit sends a test pattern at 
the high data rate during the corresponding interval 
2193. Ideally a special test pattern would be sent 
during interval 2193 which was designed to be 
particularly sensitive to marginal transmission 
conditions. If the test pattern were sent prior to 
the message to be transmitted, then the mobile unit 
could pause as at 2194 to receive approval of its 
test pattern transmission from the base before 
proceeding to send its message, so that the message 
could be sent selectively at the high data rate or 
at the standard data rate depending on the decision 
signal from the base at 2195 in reference to the 
test pattern. 

Thus, if the base sends a switchback signal at 
2195, the mobile unit switches to the high data rate 
(TXH) and sends its message as indicated at 2198. 

For the case of contention polling, the mobile 
unit would f irst * respond as in FIG. 21, and at the 
interval such as 2 052 A, FIG. 21, send the test 
precursor signal as at 2182, FIG. 32. Again the 
data message would be sent at the high data rate (as 
at 2198, FIG. 32) if the high data rate test pattern 
(as at 2193) was approved by the base (as at 2195) . 

For either sequential or contention polling, 
the mobile unit could omit the high data rate test 
pattern and simply resume operation at the high data 
rate until otherwise instructed by the base. 

The test precursor signal at 182, FIG* 32, 
could include temperature inf ormatiion as described 
for interval 2171, FIG. 27, or 2174, FIG. 28, so 
that FIGS. 31, 32 could include the features of 
FIGS. 27, 28 also. 
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As explained in reference to FIGS. 27 and 23, 
it is advantageous if the base can send a data rate 
decision relevant signal to all remote units 

simultaneously in the process of dynamic data rate 

ft 

selection. Thus in FIG. 27, the transmission at 
2171 may include or consist of any of the test 
signals disclosed herein. For the case of FIG. 28, 
any such test signal may be transmitted at the low 
or standard data rate in interval 2174, or may be 
included in or comprise the general poll signal at 
2175. Alternatively a high data rate test signal 
may be sent at an interval corresponding to interval 
2171, FIG. 27, or interval 2174, FIG. 28. 

Description of FIGS. 33 and 34 

FIGS. 33 and 34 illustrate embodiments where a 
switchable baud rate transmitter is utilized as 
indicated at 2072A, FIG. 22, to send a special high 
data rate test pattern. Ideally a special test 
pattern designed to be particularly sensitive to 
marginal transmission conditions would be used. 

For the case of sequential polling as 
represented in FIG. 33, the base station may send 
the high data rate test pattern as indicated at 
2201, interlaced with its regular polling of 
respective mobile units as at 2202. If for example, 
mobile unit #0 received the test pattern properly, 
and had a message to transmit it could respond at 
interval 2203 with a switch to high data rate 
signal, and thereafter send its message at the high 
data rate, for reception during time interval 2204. 
If the test pattern had not been received properly, 
the mobile unit #0 would respond at the low data 
rate to be received as indicated at 2028 in FIG. 18. 
The switch over between transmission at high and low 
data rates as at 2206, FIG. 33, or as at 2207, FIG, 
32, would have a duration so as to provide a 
suitable stabilization period. The required .delay 



for data rate switchover is dependent on the 
hardware implementation in both the transmitting and 
receiving equipment. 

For the case of contention polling as in FIG. 
34, a high data rate test, pattern may be sent during 
a time interval 2210 which precedes or follows the 
general poll at 2211. For example, as shown in FIG. 
34, the high data test rate pattern may occur during 
an interval corresponding to the first response time 
slot such as 2Q41, FIG. 21, in which case all mobile 
units would be programmed to avoid selection of this 
slot for contention purposes. 

Where the test pattern preceded the general 
poll as at 2040, FIG. 21, each mobile unit would 
switch to high data rate reception after receiving 
an acknowledgement as at 2053, FIG. 21, or for 
mobile units with no message to send, these units 
could remain in low data rate reception mode until 
data was ready to send, and then switch to high data 
rate reception to determine if high data rate 
transmission was feasible (i.e. by evaluating 
reception of the test pattern transmitted by the 
base) . 

Description of FIG. 35 

FIG. 35 shows exemplary relevant details for a 
transmitter 22 2 0 which may correspond with 
transmitter 2072A or 2082B, FIG. 22, and for a 
receiver 2221 which may correspond with receiver 
2072B or 2082A, FIG. 22. The reference numerals in 
FIG. 35 designate elements of the system as follows: 
2230, communications controller; 2231, data source; 
2232, preprocessing and encoding section; 2233, 
modulation generator; 2234, data shaping filter; 
2235, transmitter oscillator; 2236, FM modulator; 
2237, transmitter amplifier; 2238, antenna; 2239, 
propagation path; 2240, antenna; 2241, receiver 
local 



oscillator; 2242, down conversion mixer; 2243, 
intermediate frequency (IF) bandpass filter; 2244, 
limiter/ discriminator demodulator; 2 24 5 , 
bandlimiting low pass filter; 2246, baseband data 
detector; 2247, timing recovery section; 2248, clock 
generator; 2 2 49, data post processing section; 2250, 
data destination; 2251, communications controller. 
A description of an exemplary implementation of the 
baseband processing components is as follows: 

(1) Digital Pre-processing Section 232 

This function is provided using a commercially 
available serial communications controller (SCC) . 
This device is programmable under software control 
so data rate may be changed without the need for 
additional hardware. The SCC accepts raw data in 
parallel form, adds system overhead functions, such 
as framing, error detection, and control bits, and 
clocks out serial data at the proper baud rate. It 
also controls operation (on/off) of the transmitter. 

(2) Modulation Generator 233 

The NRZ formatted data supplied by the serial 
communications controller of section 2232 is a 
single ended logic level signal. Modulation 
generator 22 3 3 includes a level translator which 
converts this input signal to a signal which is 
symmetrical around a d.c. reference voltage. This 
reference is used for the remainder of the baseband 
analog processing circuitry. 

The signal from the level translator is 
supplied to a level adjust circuit which may 
comprise a simple resistive attenuator for scaling 
the signal to provide the proper FM deviation of the 
carrier. In the exemplary FM data transmission 
system, occupied bandwidth is sixteen kilohertz 
maximum, with five kilohertz maximum frequency 
deviation. This occupied band width constraint 



restricts the allowed deviation at higher data 
rates. The need to adjust deviation for the 
different data rates is brought about by a 
combination of system considerations, (optimizing 
deviation to maximize link performance at the 
individual data rates) and regulatory restrictions 
on maximum occupied bandwidth. 

In the exemplary system the circuit is designed 
to switch the attenuation to optimize the deviation 
for each data rate. In particular, the level adjust 
circuit is designed to switch in additional 
attenuation when 9600 baud operation is desired. 
Control line 2261, FIG. 35, may control the serial 
communications controller to effect the change of 
data rate between 4800 baud and 9600 baud, for 
example, and control line 2262 may correspondingly 
control the switching in of additional attenuation 
for 9600 baud operation. 

(3) Transmit Data Shaping Filter 234 

The data shaping filter may comprise a linear 
phase response low pass filter with a passband-width 
matched to the data rate. Its purpose is to 
minimize the occupied bandwidth of the transmitted 
signal. A switched capapitor filter implementation 
is used in the design which allows the bandwidth to 
be adjusted for 4800 baud or 9600 baud operation 
simply by changing an externally provided clock 
which may be provided from controller 2230 via line 
2263, FIG. 35. The filtered signal is supplied to 
the radio transmitter FM modulator 236 for RF 
transmission. 

(4) Receive Low Pass Filter Circuit 2245 

An input circuit to the low pass filter proper 
. may provide an amplitude adjustment so that the 
incoming signal from limiter-discriminator 
demodulator 2244 can be set to the proper level. for 
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the low pass filter and data recovery detector 
circuits to follow. The purpose of the receive 
filter is to minimize intersymbol interference at 
the receive data recovery circuitry. It also 
provides a d.c. offset to center the signal within 
the input range of the low pass filter and zero 
crossing detector. The low pass filter itself may 
be a switched capacitor linear phase filter similar 
to the filter used in component 2234 of the 
transmitter • Its purpose is to remove noise 
components which are outside of the data bandwidth. 
The bandwidth of this filter is determined by an 
external clock signal supplied via a line 2265, FIG. 
35, from controller 2251. 

(5) Receive Data Recoverv Ci rcuitrv 2247 
This circuitry may function as a zero crossing 
detector and may comprise a reference recovery 
circuit and a comparator with hysteresis. The d.c. 
bias voltage from the filter circuit 2245 varies in 
proportion to the total frequency error in the 
received signal and local oscillators (the same 
phenomenon that causes skewing in the IF filters 
2243) . The reference recovery circuit tracks the 
signal and extracts a reference signal which is 
applied to the comparator. The comparator compares 
the incoming signal against the reference to detect 
zero crossings in the data. Hysteresis is utilized 
to provide additional noise immunity under weak 
signal conditions. 

A zero crossing detection approach is 
considered advantageous because it is relatively 
insensitive to the amplitude distortion that occurs 
in the receiver at the 960G baud data rate. Such a 
circuit is selected because its operation is 
relatively data rate independent. It can be used 
at 4800 baud or 9600 baud without adjustment. 



(6) Timing Recovery and Clock Generator 
The function of the timing recovery circuit is 
to synchronize a locally generated data clock signal 
with the incoming NRZ data. Possible 
implementations include an early-late gate or phase 
locked loop. By continuously monitoring the degree 
of coincidence of received data transitions and the 
recovered clock signal, a signal quality indication 
can be derived for use in making data rate selection 
decisions. The recovered clock signal may be used 
to gate the data recovery circuit at the center of 
each received bit, which may provide improved 
performance at the expense of more complex hardware* 
Timing recovery may be performed in parallel 
with data recovery as shown in FIG. 35, or serially, 
following data recovery* 

(7) Digital Post-Processing 

As with component 2232 of the transmitter, this 
function may implemented in a serial communications 
controller. The primary functions of this device 
are to remove system overhead information that was 
added for transmission, perform error control 
analysis, and provide the raw data to the data 
destination. It may also be used to perform some or 
all of the timing recovery function, if the serial 
implementation is selected. Data rate is 

programmable under software control and may be 
controlled from controller 2251 as represented by 
control line 2266. 

Data source 2231 and data destination 2250 may 
be implemented as a universal asynchronous, 
receive/ transmit circuit (UART) which supplies data 
to the component 22 32 during transmitting operation 
and which receives data from post-processing 
component 2249 during reception operation. The 
controller such a^ 2230 or 2251 may be connected in 
. .parallel with . such a . UART component, for inputting 



data thereto for transmission, and for receiving 
data therefrom, in parallel, during reception. 
Alternatively, data may be provided to the 
controller via direct memory access or DMA. In this 
approach the serial communications controller stores 
the received data in a designated memory location 
where it can be directly retrieved by the 
controller. 

It will be understood by those skilled in the 
art that in practice, the timing recovery section 
2247, clock generator 2248, and the controller 
components may all be implemented in a single 
microprocessor, as would a portion of the receiver 
post-processing section 2249, 

The circuitry of FIG. 35 represents a narrow 
band frequency modulation (FM) radio data 
communications system • 

FIG. 35 shows a received signal strength 
indicator (RSSI) 2270 associated with the 
limiter-discriminator section 2244, and a signal 
quality indicator 2271 associated with the clock 
generator 2248. Components 2270 and 2271 will now 
be discussed in separately headed sections. 

(1) RSSI Component 2270 

Several commercially available integrated 
circuit FM demodulators now incorporate the RSSI 
function. In operation, an output voltage or 
current is provided proportional to the degree of 
limiting in the limiter portion of the integrated 
circuitry. The RSSI output may be applied to an 
analog to digital converter and then to the 
microprocessor of a controller such as 2071. or 2081, 
FIG. 22 or 2251, FIG. 35.. The programming of the 
microprocessor of the controller may then determine 
the presence and signal strength of the carrier, and 
make a decision as to whether it is. desirable to 
revert to the lower data rate. The individual 
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polling signals such as 2021, 2023, 2025, 2027 in 
FIG. 18 and such as 2051 and 2054 in FIG. 21 may 
take a special form for signaling the respective 
addressed terminal unit that messages are to 
transmitted at the lower data rate until further 
notice. Since other factors than signal strength 
influence the ability to use higher data rates, such 
as skewing of the received signal frequency and 
receiver local oscillators due to temperature. It 
is conceived that other criteria may be utilized 
along with received signal strength to determine 
when switching to the lower data rate is advisable. 

In evaluating multipath effects the RSSI output 
should be sampled several times during receipt of a 
message. Data rate selection should be based upon a 
weighted average value. The weighting function 
should give emphasis to the lower signal strengths 
measured since the average strength of a fading 
signal tends to approximate its peak value. 

(2) Signal Oualitv I ndicator 2271 
A preferred method of evaluating whether to 
switch to a low data rate is to use a signal quality 
indicator derived from the receive clock generator 
248. This indicator would produce a signal by 
comparing the regenerated receive clock which would 
contain some amount of jitter due to noise and 
distortion in the radio link, with the ideal clock. 
A test pattern as described with reference to FIGS. 
31-34 would most likely still be advantageous so as 
to make the measurement more reliable and sensitive. 

The receiving unit performs a qualitative 
analysis of the 9600 baud signal, e.g. a special 
test pattern, by sensing the jitter in the received 
signal. The majority of the signal quality 
indicator circuit 2271 can easily be implemented in 
any one of a number of commercially available 
programmable logic devices. The control portion may 



utilize the onboard microcomputer of the controller 
2251. Alternatively, the entire jitter 

characterization function could be implemented in 
software given a sufficiently powerful 
microcomputer • 

By way of example, the test pattern may consist 
of an initialization sequence used to establish 
timing, and a known bit pattern. The jitter 
characterization circuit 2271 is held in a standby 
mode until the initialization sequence is expected. 
The initialization sequence may consist of an 
alternating pattern of eight ones and zeros. A 
clock pattern can be used for synchronization 
because the time uncertainty of the beginning of the 
sequence is slight. If uncertainty were greater a 
seven bit Barker sequence could be used. 

For timing synchronization, the circuit 
functions as a sliding correlator. A bit image of 
the ideal timing initialization sequence sampled at 
seven samples per bit {11111110000000....) is loaded 
from the pattern memory into the compare register. 
The incoming data is sampled as shifted into the 
shift register at seven times the bit rate. After 
each shift operation, the shift register and compare 
register are exclusive . or-ed, and the degree of 
correlation (number of errors) determined. This 
continues until the number of errors detected is 
less than a maximum error threshold (in this case 
thirteen errors) . At that point, the shift 
operation continues as long as the number of errors 
continues to decrease. When an increase in the 
number of errors is noted, synchronization is 
assumed to have occurred on the previous clock 
sample. If the number of detected errors does not 
decrease to below the threshold within a timeout 
period, the remainder, of the data characterization 
is not performed, and e.g. 4800 baud operation is 
used. 
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Once clock synchronization has been obtained, 
the circuit enters a block correlation mode, A 
fifty-six bit image of the first eight bits of the 
pseudorandom test pattern is loaded into the 
comparison register. Incoming data is clocked in 
for the next fifty-five clock cycles. (Fifty-five 
cycles are used for the first comparison because the 
bit synchronization is one clock cycle off. 
Thereafter, fifty-six cycles are used.) At the end 
of the clock period, the shift register and compare 
registers are exclusive or-ed, and the number of 
errors determined. The next fifty-six bit image is 
then loaded into the comparison register and the 
next fifty-six samples are shifted in* This process 
continues for the duration of the test pattern. 

A running total of the number of detected 
errors, including those noted in the synchronization 
process, is maintained throughput the 
characterization process. At the conclusion of the 
process, the total number of errors is compared 
against a threshold value to make the data rate 
decision. The threshold for selecting e*g* 9600 
baud operation is sixty errors out of two hundred 
eighty samples or twenty-one percent. If the error 
percentage is above this level, e.g. 4800 baud 
operation is used. 

For embodiments such as shown is FIGS. 33 and 
34, the data rate selection must be communicated to 
the base station controller means such as 2071 in 
the poll response. This response could also contain 
a test sequence to characterize the return link as 
in FIG. 32. - If a reciprocal channel is present, 
characterization of one of the links only may 
generally be adequate to establish the data rate, 
and would result in lower system overhead. 

The length of the pseudo-random test pattern 
used is spmewhat arbitrary. An initial design uses 
a pattern of a length of forty bits, including eight 
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bits for synchronization. The forty bit pattern 
length was selected because it represents a good 
compromise between signal characterization and low 
system overhead. It is more than adequate to 
characterize the degradation of the link due to 
poor signal strength and distortion in the channel. 

If a signal quality indicator is available from 
the received clock generator, the use of a 
correlator is a redundant function. The test 
pattern could be used in either case. 

General Discussion of FIG. 35 

FIG. 35 particularly illustrates a system for 
upgrading the present commercial system as described 
in reference to FIGS. 1 and 18-21. Thus, the system 
of FIG. 35 may be operated so as to be compatible 
with the earlier mobile units of FIGS. 1, 18 and 19 
which form part of the commercial RT1200 system, and 
may also utilize terminals as represented in FIG. 20 
forming part of the RT2200 commercial system. To 
accommodate such mobile terminal units, the system 
of FIG. 3 5 may conduct its polling operations at the 
standard data rate of 4800 baud. Thus, the system 
of FIG. 35 is particularly adapted for use in 
inventory management and material control 
applications in retail stores, warehousing, and 
manufacturing, for example, allowing operators at 
remote locations to communicate interactively with a 
central computer system on a real-time basis. 

The radio system of FIG. 35 may utilize a star 
network configuration. ^ The base station may 
comprise receive and transmit sections as in FIG. 3 5 
and may utilize a single communications controller 
for performing the functions of controllers 2230 and 
2251, FIG. 35. Accordingly, the single 

communications controller of the base station may 
cbrrespond with controller 2071, FIG. 22^ and 
provide a. data interface to. a host computer such as 



represented at 2 074, FIG. 22. Thus, data from the 
single controller is converted into a radio 
frequency signal, and signals received from remote 
units of the two commercial types and from remote 
units as represented in .FIG. 35 are converted into 
logic level signals and provided to the single 
controller. 

The remote units of the three different kinds 
are designed to be operated in a common system and 
each may be used either as a hand-held portable 
device or as a mobile unit on a forklift or other 
vehicle. Each remote unit has the capability of 
working with a variety of peripheral devices, the 
most common of which are various types of barcode 
scanners. The remote units may utilize an integral 
microcomputer for performing the functions of 
controllers such as 2230, 2251, FIG. 35, and such- 
integral microcomputer then controls operation of 
the remote unit and provides local processing of 
user and peripheral device inputs. 

The system of FIG. 35 particularly relates to 
data communications in the ultra-high frequency 
(UHF) frequency range. While several different 
modulation methods would be permitted, frequency 
modulation (FM) is illustrated in FIG. 35. 
Equipment operating under these conditions in the 
United States is subject to the following 
limitations: 

(1) Occupied band width is sixteen kilohertz 
maximum, with five kilohertz maximum frequency 
deviation. 

(2) Channel spacing is 25 kilohertz. This 
requires the use of highly selected filtering in the 
receiver to reduce the potential for interference 
from nearby radio equipment operating on adjacent 
channels. 

(3) Maximum output power is generally in the 
range of ten to three hundred watts. For localized 



operation in a fixed location, however, transmitter 
power output may be limited to two watts maximum, 
and limitations may be placed on antenna height as 
well* These restrictions are intended to limit 
system range so as to allow efficient re-use of 
frequencies. 

For non-return to zero (NRZ) data modulation, 
the highest modulating frequency is equal to one 
half the data rate in baud* Maximum deviation of 
five kilohertz may be utilized for a highest 
modulation frequency which is less than three 
kilohertz, but lower deviations are generally 
required for higher modulation frequencies. Thus, 
at a data rate of ten thousand baud, and an occupied 
bandwidth of sixteen kilohertz, the peak FM 
deviation which can be utilized for NRZ data may 
be three kilohertz or less. 

Considerations of cost versus performance 
tradeoffs are the major reason for the selection of 
the frequency modulation approach used in the 
system. The approach utilizes shaped 

non-return-to-zero (NRZ) data for bandwidth 
efficiency and non-coherent demodulation using a 
limiter-discriminator detector for reasonable 
performance at weak RF signal levels • 

The radio transceivers in the base and remote 
units have been derived from design configurations 
originally devised for voice equipment, thereby 
taking advantage of the existing components 
developed for that market. While the performance 
of these modules has been optimized specifically for 
data, cost considerations have dictated that 
performance goals be compromised in some areas, 
particularly transmitter and receiver local 
oscillator frequency stabilities and IF filter 
characteristics . 

For example, in the illustrated embodiment, 
transmit oscillator 2235 and Receiver local 
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oscillator 2241 may have a frequency stability over 
a temperature range from minus thirty degrees 
Celsius to plus sixty degrees celsius of five parts 
per million (-0005 percent). 

The IF filter 2243 is selected to pass the 
modulated signal with fidelity, and to provide the 
required adjacent channel selectivity. The filter 
pass band must be wide enough to accommodate center 
frequency errors due to the transmitter and receiver 
frequency tolerances noted, above. Ideally, the 
filter should have linear pass band phase 
characteristics to avoid introducing delay 
distortion in the recovered data. 

Cost considerations have dictated performance 
compromises in filter selection. The filters used 
exhibit both amplitude roll-off and nonlinear phase 
characteristics near the edges of the pass band, 
which results in detectable intersymbol interference 
(ISI) in the recovered baseband signal at higher 
data rates, particularly when frequency offset error 
is present. 

The following is a summary of some of the 
factors which prevent reliable continuous operation 
of the system of FIG. 35 at the higher data rate 
such as 9600 baud under all operating conditions: 

(1) There is a sensitivity penalty for 
operating at higher data rates. For a given bit 
error rate (BER) the combination of higher baseband 
low pass filter bandwidths and lower bit energies 
dictates a need for a stronger signal at the 
receiver input than that required for lower data 
rates. This is compounded by the fact the occupied 
bandwidth restrictions force the use of lower than 
optimum deviation when higher data rates are 
utilized. . If transmitter power is fixed by 
constraints such as regulations, cost, or battery 
life, this decrease in sensitivity translates 
directly into a decrease in system range. 
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(2) The twenty-five kilohertz channel spacing 
requirement has resulted in the use of narrow band 
IF filters in the receiver. These filters tend to 
provide amplitude roll-off of high frequency 
components in the recovered data. Furthermore, 
cost considerations have not allowed the use of 
filters with linear passband phase characteristics, 
and this results in delay distortion (jitter) in the 
recovered data. These effects are most pronounced 
for data signals with frequency components above 
three kilohertz. 

(3) Changes in ambient temperature cause 
changes in the transmitter and receiver local 
oscillator frequencies. This tends to be least 
detrimental when a base and remote unit are 

at about the same temperature, and to be most 
detrimental when they are at opposite temperature 
extremes. Also, repeated temperature cycling causes 
aging or long-term drift in the crystal frequency 
control elements over time. These two effects 
result in skewing of the received signal so that it 
is no longer centered in the IF filter, compounding 
the effects cited in the preceding paragraph (2) . 

(4) Because the system under discussion here 
is intended for use within single buildings or 
complexes of buildings, propagation anomalies such 
as shadow fading and Rayleigh fading are 
troublesome. These effects are generally worse for 
higher data rates both because of the shorter bit 
intervals involved (shorter integration time in the 
data recovery process) and because of the 
sensitivity degradation noted in the preceding 
paragraph (1) . 

Because of the difficulties just noted, it is 
not possible to provide adequate system performance 
under. all conditions in the intended applications at 
a relatively high data rate sucli as ten thousand 
baud. The use of a lower data rate such as 4800 
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baud provides improvements in system range and 
reliability even in comparison to a data rate of 
seven thousand baud* Field experience has proved 
that 4800 bits per second data rate is an excellent 
compromise for systems that employ limited numbers 
of remote units, and can tolerate the lower 
throughput rate. Switching the data rate between 
4800 baud and 9600 baud instead of between 4800 baud 
and 10,000 baud, for example, is preferred because 
of lower cost. 

Since some transceiver module designs that may 
be utilized in FIG. 35 do not have RSSI 
capabilities, it may be preferred to use the RSSI 
measurement as an optional or secondary indicator, 
the system still being effective in the absence of 
component 2270, FIG. 35, but with slightly lower 
throughput efficiency. Where the RSSI measurement 
is utilized, it is considered desirable to sample 
the output of component 2270 three to five times 
during a poll interval to gain an accurate 
indication of signal strength, e.g. to take account 
of signal fading effects. For initial message 
transmission, the default data rate to be used may 
be 9600 baud, unless the RSSI measurement indicates 
weak signal conditions. Thereafter, 9600 baud will 
continue to be used until low signal strength is 
detected, or a communication failure occurs. On 
failure, the system will revert to 4800 baud message 
transmission until a retry algorithm initiates 
another 9600 baud attempt. 

The decision to retry the high data rate may be 
based on a number of factors in the embodiment of 
FIG. 35. If poor signal strength indication at 
component 2270 dictates 4800 baud operation, then 
9600 baud operation can be attempted as soon as 
signal strength improvement is noted. If 4800 baud 
was utilized because of 9600 baud communication 
failure, several factors can bfe considered in 
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determining when to attempt 9600 baud operation 
again. These factors include: 

(1) Elapsed time since the last 9600 baud 
attempt. Since remote units are generally hand held 
or mobile, factors which force the lower data rate 
are subject to change as the remote nits are moved 
to different locations. 

(2) Monitoring of 9600 baud transmissions from 
the base tp other remote units. These transmissions 
can be used as test patterns to determine if 9600 
baud transmissions can be received without errors. 

(3) System traffic. If the system is lightly 
loaded, more frequent attempts at re-establishing 
9600 baud communications can be made without 
introducing unacceptable degradations in system 
response time. In the sequential polled protocol 
loading can be determined by measuring the elapsed 
time between successive polls of a particular 
address. In the contention protocol, loading can be 
ascertained by monitoring the number of empty time 
slots (i.e. time slots in which no response message 
occurs) . 

(4) Number of message transmissions since the 
last 9600 baud attempt. That is, the algorithm may 
cause a retry of 9600 baud operation every fifth, or 
tenth or twentieth transmission. 

(5) Internal temperature of the base and/ or 
remote unit. 

Since many of the skewing effects of the IF filters 
are temperature related, continued temperature 
extremes (high temperature differential between base 
ahd mobile unit) could indicate less frequent 
retries at 9600 baud should be atteidpted . ' 
Temperature information is available in the remote 
units for use in other circuits, and can be utilized 
without introducing additional cost for the unit. 

It is known in the art to utilize FM data 
equipment wherein ohe of severaL data. rates may be 



selected by the system user at the time of system 
installation based upon propagation conditions of 
the particular installation. A significant 

disadvantage of the user-switchable approach 
results from the fact that in many mobile 
installations propagation conditions are not static, 
but are subject to dramatic change in the course of 
short periods of time. This is the case normally in 
systems utilizing mobile or portable devices. The 
key characteristics of the approach of the 
present disclosure, on the other hand, are: 

(1) Dynamic adaptive data rate selection takes 
place automatically to increase data transmission 
efficiency and reliability where communication may 
be required under relatively strong and relatively 
weak signal conditions, and where propagation 
conditions may change rapidly. 

(2) Handshaking between devices may be used to 
initiate a communications session and to establish 
the data rate for that session. 

(3) Signal quality measurements for 
determining automatic switching may be based both on 
direct measurements of signal quality as represented 
at 2271 in FIG. 35, and also on indirect 
measurements such as represented by the received 
signal strength indicator component 2270, FIG. 35. 
Additional parameters may be readily introduced by 
programming • 

(4) As shown in FIG. 35, performance 
characteristics of the baseband signal processing 
apparatus may be adapted to optimize the devices for 
communication using the respective different data 

rates. ..... 

(5) As shown in FIG. 35, a preferred approach 
may involve pre-modulation and post-demodulation 
signal processing operations only so that it is 
particularly cost' effective to implement. 



Discussion of the Use of a Test Pattern 
to Evaluate Susceptibility to Jitter 

The signal quality indicator 2271, FIG. 35, may 
detect jitter in the recovered data by multiple 
sampling of the recovered digital data stream e.g. 
from a test pattern at a rate of ten or more samples 
per bit to determine the extent to which the 
intervals between bit transitions differ from the 
nominal intervals for 9600 baud transmission. A 
disadvantage of this approach is that it is beyond 
the capabilities of the serial communications 
controller which is preferably utilized in 
post-processing section 2249 and in the associated 
digital pre-processing component 2232 of each 
transceiver. It can be implemented by providing the 
recovered data directly to the microcomputer of 
controller 2251. For a presently available low cost 
microcomputer, this prevents the microcomputer from 
handling other tasks during the evaluation of the 
received test pattern. In this implementation, the 
test pattern can be relatively short, for example 
thirty-two bits. 

A jitter characterization approach as already 
described with reference to component 2271, FIG. 35, 
transmits a "worst case" data sequence which is 
specially selected to have a high susceptibility to 
noise and distortion. If the serial communications 
controller (SCC) is able to decode the sequence, 
9600 baud transmission is automatically selected. 
If it fails to decode the sequence, 4800 baud 
transmission is automatically used. The advantage 
of this jitter characterization approach is that it 
does not require the use of the microcomputer of the 
communications controller component. Using this 
approach requires a longer test pattern, perhaps 
several hundred bits. 

Explanation of the General Concept 
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of Handshaking and its Application 
to Data Rate Selection According 
to the Present Invention 

The following generalized example explains how 
data rate selection may take place as between units 
which utilize a hand-shaking mode of communication • 
This example illustrates the application of the 
teachings of the foregoing embodiments without 
reference to the particular protocols of FIGS. 18 
and 21. 

GENERALIZED EXAMPLE 
(protocol independent) 

Consider a radio system that consists of several 
unit, each with a unique address. 

1) In the simplest case, the system may 
consist of two units, #1 and #2, one or both of 
which are mobile. 

2) In a standby mode of operation both units 
program their receivers to receive at the low data 
rate. 

3) When a unit has information to 
communicate, it switches to transmit at the standard 
rate, and sends a query to the other (target) unit. 
Following this transmission, the unit switches to 
once again receive at the standard rate. 

4) If the target unit for some reason (e.g. 
out of range) does not correctly receive the query 
it makes no response. After a time out period, the 
initiating unit may periodically attempt to 
re-establish the link. 

5) If the target unit correctly receives the 
transmission it performs an analysis to determine 
the quality of the radio link (propagation path and 
radio hardware) . This may involve combinations of 
signal strength measurement, jitter in the received 
data, or use of information communicated in the 
transmission. A transmission which . is to be 



- 88 - 

evaluated as an aid to deciding on a dynamic basis 
whether a high data rate is feasible is herein 
termed a "test signal" or "test transmission." 
Based upon the results of the analysis, the unit 
determines whether to utilize the standard data rate 
or a higher rate for a subsequent communications 
session between the two units. 

6) The target unit completes the handshake by 
switching to transmit at the standard rate and 
communicates its data rate selection to the 
initiating unit. It then switches to receive at 
either the standard or higher data rate depending on 
which it has selected. 

7) The initiating unit, upon receipt of the 
return handshake, switches to transmit its message 
at the selected data rate. 

8) Upon receipt of an end of message 
indication from the initiating unit, the target 
unit, switches to transmit at the selected rate, and 
sends a response or acknowledgement to the 
initiating unit. 

9) If the high rate has been selected, and 
for some reason signal propagation conditions change 
during the communications session such that 
communication at the high rate becomes impossible, 
the units would after a timeout period attempt to 
re-establish the session at the standard data rate. 

It will be apparent that many further 
modifications and variations may be effected without 
departing from the scope of the teachings and 
concepts of the present invention. 



- 89 - 



Description of FIGS, 36-39 

In the protocol of FIG. 21, the base station 
and mobile terminals were only capable of single 
data rate operation at a limited normal data rate. 
Such a limited normal data rate was selected so that 
reliable communication could take place over the 
entire geographical operating range of the mobile 
transceiver units. Such a normal data rate is 
selected taking account that the mobile transceiver 
units may operate not only at close range where 
receive signals are strong, but also in fringe areas 
where received signals are extremely weak. 
Furthermore, the mobile units may operate under 
extreme conditions of temperature in comparison with 
the temperature of the base transceiver station. 

FIGS. 3 6 to 39 illustrate enhanced protocol 
systems suitable for upgrading a system such as 
illustrated in FIG. 21 for increased data throughput 
without requiring the upgrading of firmware in the 
large population of terminals designed for single 
data rate operation at the normal data rate. The 
approach of FIGS. 36 to 39 achieves an advantageous 
simplicity in operation of the data collection 
system in spite of the presence of such single data 
rate mobile terminal units. 

In the embodiments of FIGS. 36 to 39, the base/ 
controller station dynamically adjusts the number of 
slots associated with a low data rate poll based 
upon channel traffic at the low data rate, and 
dynamically adjusts the number of slots associated 
with a higher data rate poll based on channel 
traffic at the higher data rate. A terminal capable 
of high data, rate operation for which the base 
station has an (outbound) message may be initially 
identified as part of a multi-terminal poll (MTP) 
having the high data rate if such high rate was 
currently being used by ^uch terminal. However, 
because of the possible rapid variation in operating 



conditions for each terminal during its movement at 
varying distances from the base transceiver station, 
if the base does not receive a response from such a 
terminal at the high data rate, the base may send 
the address of such a station as part of further 
multi-terminal polls at the normal data rate as well 
as at the high data rate. A terminal having 
multiple data rate capabilities, with a need to 
transmit an inbound message, will monitor the higher 
data rate poll and if such higher data rate poll is 
successfully received, the received signal will be 
evaluated e.g« taking account of received signal 
strength and potential rapid signal fading effects, 
so as to determine whether transmission should be 
attempted at the high data rate. 

As explained in relation to FIG. 35, the 
contention polling signal at the higher data rate 
may have its received signal strength measured at 
2270, FIG, 35, the RSSI output being sampled several 
times during receipt, and evaluated according to a 
weighted average value, the weighting function 
giving emphasis to the lower signal strengths 
measured, since the average strength of a fading 
signal tends to approximate its peak value. The 
indicator 2271 may be utilized to measure jitter due 
to noise and distortion in the radio link as 
described with reference to FIG. 35. Further, 
temperature measurements at the base transceiver 
unit and at the mobile terminal unit may be compared 
utilizing temperature sensors such as 2073A and 
2083A as described in reference to FIG. 22. 

At the conclusion of contention polling at the 
low date, rate, the base station establishes 
communications sessions with those mobile Units that 
were successfully identified within the allocated 
nuinber of response slots associated with such low 
data rate poll. Such communications sessions are 
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established by polling the respective terminal by 
means of its unique address, receiving the terminal 
response, and the base transmitting an 
acknowledgement for each respective terminal. The 
combination of the multi-terminal contention poll 
and resulting communication sessions comprises one 
variable length low data rate communications frame. 
Such a variable length communications frame is 
represented in FIG. 36 as comprising a low data rate 
(e.g. 4800 baud) multi-terminal poll during interval 
2 3 00, followed by a selected number of response 
slots SI, S2,.»., SM. The response time interval 
2301 represented by the total duration of the M 
slots is then indicated as being followed by a low 
data rate (e.g. 4800 baud) communications session 
during an interval 2302. 

In FIG. 36, the variable length low data rate 
communications frame 2300-2302, is followed by a 
high data rate variable length communications frame 
including a high data rate (e.g. 9600 baud) 
multi-terminal poll at 2311, a selected number of 
response slots Sl, S2,..., SN (where N would 
generally be a different number than M) , covering a 
response time interval 2312, and followed by a high 
data rate communicationsf session with successfully 
responding mobile terminal units as indicated at 
2313. 

FIG. 37 illustrates a specific example in 
accordance with FIG. 36 where the low data rate and 
high data rate communications frames alternate, FIG. 
37 showing four response slots following a high data 
rate multi-terminal poll interval 2311 (N equals 
four) , and one respons^e slot following the low data 
rate multi-terminal poll at interval 2300. 

In the embodiments of FIGS. 36 jand 37, the 
base/controller station transmits multi-terminal 
polls alternately at the loV and high data rates, 
and the individual mobile terminal units will 
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selectively respond to the contention poll which 
provides the optimum data rate for the channel 
characteristics in their respective current 
locations. Such response will establish the data 
rate for the subsequent communication session 
between the base and a successfully responding 
mobile terminal unit. 

The data rate determination can conceivably be 
made using any or all of the means described with 
reference to FIGS. 22 through 35. A simple approach 
is to (a) require the mobile terminal units to 
successfully decode the high data rate poll and (b) 
require the RSSI output to indicate a received 
signal level providing sufficient fade margin (e.g. 
twenty decibels higher than the high data rate 
sensitivity threshold of the terminal base) in order 
to use the high rate. The high data rate 
sensitivity threshold is taken with reference to the 
maximum acceptable bit error rate (BER) for the 
given application (e.g. a nominal 10-6, i.e. ten to 
the minus six power, or one in one million, BER 
sensitivity at the high data rate) , the RSSI 
threshold being selected so as to result in some 
small number of re-transmissions due to fading 
effects and other channel disturbances. As 
previously explained, the RSSI measurement is to be 
weighted so as to take account of the rapid fading 
effects which can be expected when the mobile 
transceiver units are in continuous or frequent 
motion at various distances from the base 
transceiver station. Such rapid fading effects are 
to^ be contrasted with slow fading effects, which 
might be experienced between stationary transceivers 
in an office building due to the movement of people, 
mail carts, and the like. In a typical application 
of the present invention, the RF transceiver of a 
mobile unit may be secured with a bar code scanner 
such as a deflected laser beam bar code scanner or 



an instant type CCD bar code scanner. In such an 
example, the bar code data could be transmitted to 
the base station as the RF transceiver and a scanner 
device were being jointly transported by a vehicle 
(e^g. a forklift truck) to another site, or the RF 
transceiver and a scanner e.g. as a unitary 
hand-held device, could be carried by the operator 
to another site as the bar code data was being 
transmitted to the base station. Because of the 
possible continuous or frequent movement of the 
mobile transceiver units within a factory or 
warehouse environment or in outdoor environments, 
the successful reception of a high data rate polling 
signal alone generally should not be relied upon in 
evaluating whether communication should be carried 
out at the high data rate. The probable feasibility 
of communication at the high data rate, (with the 
goal of higher data throughput in the system) , must 
also take account of the possible motion of the 
mobile transceiver unit and the consequent 
possibility of fast fading (rapid fluctuations in 
signal level due to multi-path effects) during the 
course of a message transmission (e.g. of collected 
bar code data) . Thus, the purpose of using a signal 
quality indication, for example the RSSI measurement 
of component 2270, FIG. 35, or the jitter 
characterization as represented at 2271, FIG. 35, is 
to ascertain whether there is likely to be 
sufficient margin against fading (or other channel 
disturbance such as impulsive noise due to 
electrical machinery) during the course of the 
transmission. 

By way of example, empirical data shows that 
twenty decibels of signal margin relative to the 
nominal 10-6 (ten to the minus six power, or one in 
one million) BER sensitivity threshpld at the high 
data rate, provides protection against about ninety 
percent of the fades encountered, in fringe areas in. 



a typical industrial environment, while fifteen 
decibels of signal margin provides protection 
against seventy percent of such fades. Thus, for 
example, the RSSI threshold for determining whether 
to transmit at the high or low rate is established 
at some level above the minimum level at which 
reliable communication is usually possible at the 
higher data rate. If the threshold is set too high, 
a significant number of transmissions which could 
have been made at the high rate will be made at the 
low rate, reducing throughput. If the threshold is 
set too low, fading will result in a significant 
number of re-transmissions, which will also reduce 
throughput. An optimum RSSI threshold at twenty 
decibels above the nominal 10-6 BER sensitivity at 
the high data rate will result in some small number 
of re-transmissions due to channel disturbances, but 
generally will provide an optimum data throughput 
for the overall system. 

In the generalized case, the unit completing 
the handshake transmission (e.g. the unit making the 
response to a multi-terminal contention poll) makes 
the rate switching decision. In the embodiment of 
FIGS. 3 6 and 37, the rate switching decision is to 
be made by the mobile terminal unit. A decision in 
both the base station and the mobile transceiver 
unit might be desirable if the channel were not 
symmetric, for example if the base station had 
significantly higher power output than the mobile 
unit. The approach of having the mobile transceiver 
units equipped with sufficient intelligence to 
distribute to them the data rate switching rate 
decision, results in fewer transmissions required to 
dynamically adapt data rate in a rapidly changing 
propagation environment. The system as represented 
in FIGS. 36 and 37 in this respect is particularly 
adapted to the data collection environment wherein, 
the mobile transceiver units may be in continuous or 
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frequent motion with consequent rapid variations in 
signal strength, frequent operation in fringe 
conditions, and environmental extremes (e.g. of 
temperature as between a mobile unit and base 
station) degrading hardware performance. 

In the simple example where data rate 
determination is based on the successful decoding of 
the high data rate poll and an adequate RSSI output 
evaluated to take account of rapid signal fading 
effects, the poll at 2311 itself actually functions 
as a test pattern, and the occurrence of any bit 
errors in the decoding of the high data poll 
indicates the use of the low rate. The system of 
FIGS. 36 and 37 may make use of jitter 
characterization, e.g. based on the stability of 
recovered data clock during the received polling 
signal itself. As a fail-safe measure, excessive 
failures at accessing the base station through 
response to the multi-terminal poll, or errant 
message transmission attempts at the high data rate 
will result in the mobile terminals selecting the 
low data rate, with periodic retries at the higher 
rate, e.g. based on the various criteria described 
with respect FIGS. 22 through 35. 

Internal temperature information can be used in 
conjunction with a stored table containing typical 
oscillator frequency offsets as a function of 
temperature. The combination use of the fail-safe 
mode (good signal strength, but poor 
communications) , and operation at a temperature 
where large oscillator frequent offsets can 
typically be expected, will dictate less frequent 
retry attempts until temperature measurements 
indicate that the frequency offset is most likely 
reduced . 

The ability of the base station according to 
FIGS. 36 and 3,7 to independently adjust the number 
of slots for the low data . rate, frames and f or . the 



high data rate frames according to the recent 
traffic at the respective data rate, preserves the 
throughput advantage of dual or multiple data rate 
operation by minimizing system overhead. 

The example of FIG. 37 where four slots are 
allocated to high data rate communications (e.g. 
9600 baud) , and one slot is allocated to low data 
rate communications (e.g. 4800 baud) may result 
where the majority of traffic had been occurring 
at the higher data rate, with perhaps only 
occasional transmissions at the lower rate. 

FIG. 38 shows switching alternately between the 
high and low data rate frames, with the values of N 
and M varying in accordance with the numbers of 
responses to the respective high data rate and low 
data rate polls. For example, if a number of full 
slots and collisions between responding mobile 
stations occurs with a value of N of four as in FIG. 
37^ a succeeding high data rate frame such as 
indicated at 2320 in FIG. 38 may take place with an 
increased number of slots, e.g. five slots (N equals 
five) or more at 2312-A, FIG. 38. Similarly if 
collisions occurred at the single slot at interval 
2301A in response to the low data rate poll, then 
the number of slots at a subsequent communications 
frame 2321 might be increased to two (M equals two) 
or more during the response intervals 2301B, FIG. 
38. 

FIG. 39 shows a different switching 
implementation which more heavily favors one rate 
(in this case a high data rate of 9600 baud) or the 
other. This could be the case when no active 
terminals are communicating at one of the two rates, 
and only periodic transmissions at the unused rate 
are necessary to provide access for terminals which 
might have been out of range of the base or powered 
off. Thus in FIG. 39, three successive high data 
rate communications frames 2331, 2332, .2333, 
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alternate with a single low data rate communication 
frame 2334. As before, the successive 

multi-terminal contention polls may be at a data 
rate of 9600 baud as indicated at 2311-1, 2311-2 and 

2311- 3, and the number of response slots at 2312-1, 

2312- 2 and 2312-3 may be varied in successive frames 
and in successive cycles of high data rate and low 
data frames to dynamically adapt the system to the 
instantaneous loading conditions at the respective 
data rates. 

Description of FIG. 40 

For each of the preceding embodiments, 
operation may be carried out at the mobile 
transceiver units generally as represented in FIG. 
40. In this sequence of operation, the base station 
issues a poll at the lower data rate which is 
followed by a test pattern at the higher data rate. 
For FIGS 3 6-39, the high data rate contention poll 
at 3311 or 3311-1 constitute the test signal. 

The mobile transceiver units initialize for 
reception of the low data rate poll as indicated at 
17-1 and wait for the start of the poll as indicated 
at 17-2. When the poll is received, it is decoded 
as indicated at 17-3 and the RSSI reading is sampled 
as indicated in 17-4. If the evaluation of the poll 
as indicated at 17-5 is favorable, the mobile unit 
switches to receive a test pattern at the high data 
rate as indicated at 17-6 and processes the high 
data rate test pattern as indicated at 17-7. 

Referring to the embodiment of FIGS. 36-39, 
each time the multiple rate mobile units are reset 
by the b^se, the mobile transceivers may be placed 
in low date rate receiving condition, whereupon the 
base station sends a low data rate poll e.g. at 
2300, FIG. 36. When a valid low data rate poll with 
characteristics (e.g* sampled and properly weighted 
signal strength) favorable to the use of the high 
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data rate for the transmission of collected data, 
has been received by a given multiple rate mobile 
unit, the transceiver of such mobile unit is 
switched to receive a high rate contention poll 
signal as at 311, FIGS. 3.6-38, or as at 2311-1, FIG. 
39. The steps following step 17-7 in FIG. 40 would 
then involve evaluation of such high data rate 
contention poll for validity and evaluation of the 
characteristics of the received high data rate 
contention poll (e.g* with respect to received 
signal strength and/or jitter as described with 
reference to FIGS. 36-38) . 

If the decision concerning the test pattern 
(e.g. as represented at 2 210, FIG. 34) or concerning 
the high data rate contention poll of FIGS. 36-39, 
as represented by block 17-8 in FIG. 40, is 
negative, then the mobile transceiver unit may 
respond selecting the low data rate for transmission 
of its data (as with mobile unit #0 in FIG. 34) or 
the mobile transceiver unit may await a low data 
rate poll (as at 2300A, FIGS. 37-39). 

Where a mobile unit selects a low date rate and 
successfully responds, a specific poll addressed to 
the mobile unit will then be at the low data rate as 
represented by "poll #0" in FIG. 34, and the data 
then transmitted to the base will be sent at the low 
data rate as shown in FIG. 34, and as represented by 
block 17-9, FIG. 40. 

If the decision at 17-8 favors the high data 
rate, then the weighted evaluation of the RSSI 
samples may tak:e place as indicated at 17-10, a. flag 
being set as indicated at 17-11 where the evaluation 
indicates marginal transmission conditions. 

At 17-12, jitter is evaluated and for the case 
of excessive jitter, a high jitter flag is set as 
indicated at 17-13. Where jitter is acceptable, but 
the weak signal flag is set, the decision at 17-14 



leads to use of the low data rate as indicated at 
17-9. 

For the case of high jitter at 17-13, the 
temperature values are checked as indicated at 17-15 
and a temperature decision is made at 17-16. For 
example, if the mobile unit is at an extreme 
temperature this may result in a setting of a 
temperature flag as indicated at 17-17. On the 
other hand, the base station may transmit its 
temperature condition to the mobile units so that 
the mobile units can determine the actual 
temperature differential between the respective 
mobile unit and the base station and set the flag at 
17-17 accordingly. In any event, the high jitter 
condition results in a return to the low data rate 
as indicated at 17-9. 

Where jitter is below a threshold and signal 
strength is adequate, the mobile unit may evaluate 
whether there has been a high rate of failures, and 
for example if there have been a given number of 
such failures (e.g. two or e.g. two out of three 
attempts) , then control may pass to a decision block 
17-19 which may normally determine for the low rate 
unless under the present circumstances of 
temperature or elapsed time or the like it is 
determined that it is time to retry at the high 
rate. The decision block 17-18 together with the 
block 17-19 then safe guards against a circumstance 
where the mobile unit might otherwise continue to 
try the high data rate in spite of repeated 
failures. The retry criteria may be as previously 
described with respect to FIGS. 6 through 12. If 
the decision is to attempt response at the high rate 
as indicated at 17-20, the mobile unit may respond 
in a randomly selected time slot with a response 
(e.g. at the low data rate) signifying that further 
communication is to take pi^P^ during individual 
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polling of the identified mobile unit at the high 
data rate for example as represented with respect 
to mobile unit number two in FIG. 34. 

For the embodiments of FIGS. 36-39, where the 
high data rate contention poll (e.g. at 2311) is 
treated as a high data rate test signal for 
processing as at 17-7 in FIG. 40, the decision 
process at 17-8 et seq. in FIG. 40 may proceed 
concurrently with the random selection of a response 
slot and switching to high data rate transmit mode, 
so that if the mobile unit is to respond to the high 
data rate contention poll, such response can take 
place at any of slots SI, S2, S3, or 84, for 
example, during interval 2312, FIG. 37. Of course, 
for the case where the switching to the high data 
transmit mode is only made at 17-20, the interval 
between the contention poll and the first response 
slot will provide for maximum processing time and 
the required switching time. 

With respect to decision block 17-19, as a 
simple example, in the fail-safe condition, the 
mobile unit might continue to respond at the lower 
rate for some number of polls (such as five) before 
attempting to try the high rate response procedure 
at 17-20. 

The flags for different failure mechanisms are 
only included in the example of FIG. 4 0 so that some 
history can be maintained for use in making retry 
decisions (if a more complex retry algorithm is 
desired) . The flags can be omitted in which case 
the "No" output of the RSSI threshold decision 17-10 
can go directly to the low rate block 17^9 and the 
decision block 17-14 and the temperature processing 
blocks 17-15, 17-16 and 17-17 can be omitted since 
they are superfluous if jitter is acceptable. .The 
"No" output of block 17-12 would lead to low data 
rate block 17-9 where the flags are omitted. 
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Many modification and variations will be 
apparent from the foregoing disclosure. For 
example, the base station could have provision for 
parallel baseband processing of received and 
demodulated signals, e.g. the demodulated signal 
being supplied in parallel to a 4800 baud analog 
processor and to a 9600 baud analog processor. The 
baseband digital processing section would include a 
4800 baud receive buffer and a 9600 baud receive 
buffer so that the base station could receive either 
a 4800 baud or a 9600 baud signal whenever the 
base station was in receive mode. Then for the 
embodiment of FIGS. 34 and 40, for example, the 
various mobile units with data messages to send 
could all send the same type of response signal 
(i.e. their respective addresses but without 
specifying a data rate selection) in randomly 
selected time slots pursuant to an affirmative 
decision at 17-5. The further steps of FIG. 40 
would then determine whether to respond to a 
specific poll addressed to the respective mobile 
unit, using a high data rate or a low data rate for 
the transmission e.g. of collected scanner data. 
Such specifically addressed polls of individual 
mobile units could all be sent by the base station 
at the low data rate. If a given mobile unit sent 
its data message at the high data rate, the base 
high date rate receive buffer would automatically 
receive the data and transfer it for processing. 
The base station would not need to be informed in 
advance of the date rate decision made by the mobile 
unit e.g. pursuant to FIG. 40. 

Many other and further modifications and 
variations may be made without departing from the 
broader teachings and concepts of the present 
invention. 
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Supplemental Discussion 

For a protocol such as shown in FIG. 21, a 
contention polling message is transmitted having a 
fifteen millisecond header, a start of message 
block, a code identifying the message as a 
multi-terminal poll, a block specifying the number 
of time slots which may be selected for response, a 
block identifying the addresses of mobile units for 
which the base station has a message, a cyclic 
redundancy check character, and an end of message 
character. The same format may be used for a high 
data rate contention poll, the header then 
containing seventy-five bits at a data rate of 9600 
baud (instead of 37.5 bits at 4800 baud). 

In a base initiated reset, the base station 
would transmit a low data rate reset message and 
would allocate a large number of response slots to 
allow responses by all mobile units. The base 
station could send a low data rate contention poll 
with a large number of response slots several times 
in succession, and the mobile units could randomly 
determine which contention poll to respond to, as 
well as randomly determining which of the large 
number of time slots to respond in. If for example, 
after a base initiated reset, a multiple data rate 
mobile unit had scanner data to transmit, such 
mobile unit could await a test signal, e.g. as at 
2311, FIGS. 36, 37, or 38, or 2311-1, FIG. 39. If a 
determination was made that high data rate 
transmission of the collected data should be 
attempted, the mobile unit could proceed as herein 
described for the respective embodiments of FIGS. 
36-39. Once having selected high data rate 
operation, a mobile unit could continue to monitor 
high data rate contention polls for the examples of 
FIGS. 36-39. Thus if the base station dynamically 
varied the proportion of high data rate and low data 
rate polls as in the embodiment of FIG. 39, it would 
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not be necessary to advise the mobile units of the 
changes in the pattern. The mobile units could be 
programmed to switch to low data rate operation 
whenever a failure of communication occurred at the 
high date rate, but other:wise to remain in high data 
rate mode e.g. for a suitable time e.g. five 
seconds. By switching to low data rate mode after 
five seconds, the mobile unit would be assured of 
being notified of a pending message from the base 
station even if the base station was supplying high 
data rate contention polls very infrequently or not 
at all because of very light high data rate traffic. 
A mobile unit could be programmed to send its data 
message at the low data rate, e.g. if it waited for 
a specified time such as five seconds, and failed to 
receive a high data rate contention poll within such 
specified time interval. 

Example of Dynamic Selection 
of Number of Response Slots 

For the case of contention polling as in the 
various embodiments including FIG. 21 herein, the 
base station may dynamically vary the number of 
response time slots (such as 2041-2044, FIG. 21) 
according to traffic at a fixed data rate, or may 
dynamically vary the respective numbers of slots 
associated with respective different data rate 
contention polls (e.g. as in FIGS. 36-39). 

For each data rate, a number of response slots 
for each contention poll may be set in order to 
force the ratio between the number of empty response 
slots (wherein no mobile unit . responses are 
received) and all other slots (ones with successful 
responses or collisions) to tend toward eighty 
percent (80%) . 

If the ratio computed for twenty successive 
slots is between sixty percent, (,60%) and seventy 
percent (70%) , then the base controller would add 
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one additional slot (e.g. a fifth slot in FIG. 21) 
for the next transmission of the contention poll. 

If the ratio computed for ten successive slots 
is less than sixty percent (60%) , then the 
controller would add two additional slots (e.g. 
fifth and sixth slots in FIG. 21) so that the next 
contention poll from the base would specify the 
previous number of slots increased by two (e.g. six 
slots in FIG. 5) . 

If the ratio computed for thirty successive 
slots was over ninety percent (90%) , the base 
controller would reduce the number of slots by one 
(e,g. to three in FIG. 21) . 

Finally, if no empty slots were observed over 
seven successive slots (ratio eguals zero) , the base 
controller could switch to a serial poll protocol 
where each mobile unit is polled in sequence, or for 
the example of FIG. 39, if feasible, change the 
proportion of low data rate and high date rate 
polling communications frames. 

The foregoing example demonstrates several 
advantages of dynamic adaptive control of number of 
response slots, or more generally of response time 
intervals following a contention poll. First, when 
little traffic is present, few response slots are 
allocated. This reduces to a minimum the amount of 
system overhead required and therefore the response 
time is kept to a minimum for mobile terminals 
needing the channel. 

Second, the rate at which slots are added and 
removed can be tailored to handle burst traffic 
loading without causing the system to overload. 
Third, the protocol can be changed, if required, to 
support high system loading. 

Description of FIGS. 41A-41H and 42A-42E 

FIGS. 41A-41H and 42A--42E show exemplary 
circuitry for an analog interface board for. a mobile 
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transceiver unit such as indicated at 2082, FIG. 22, 
or at 2220, 2221, FIG. 35. 

Major components and exemplary inputs and 
outputs in FIGS. 41A-41H and 42A-42E are tabulated 
as follows: 



Principal Components in FIGS. 41A-41H 
and FIGS. 42A-'42E 

Component Description/ Type 

18-REGl, FIG. 41G; Voltage Regulator 

18-REG2, FIG. 41C; LP2951 ACM 

18-REG3, FIG. 4 IE. (Plus Five Volt) 



18-U7, 


FIG. 


41F; 


CMOS Timer 


18-U8, 


FIG. 


41G. 


7555 


18 -USA, 


FIG. 


41C 


Comparator 








LM2924M 


18-U5B, 


FIG. 


41H 


Operational Amp: 








LM2924M 


19-UlA, 


FIG. 


42A; 


Analog Switcher 


19-UlB, 


FIG. 


42E; 


74HC4053 


19-UlC, 


FIG. 


42B. 




19-U2A, 


FIG. 


42B; 


Dual Filters 


19-U2B, 


FIG. 


42A. 


145415 


19-U3A, 


FIG. 


42C; 


Operational 


19-U3B, 


FIG. 


42D. 


Amplifier 








LM2924M 


19-U4A, 


FIG. 


42C; 


Operational 


19-U4B, 


FIG. 


42C; 


Amplifier 


19-U6A, 


FIG. 


42E; 


MC 33172D 


19-U6B, 


FIG. 


42E; 




19-U9A, 


FIG. 


42D; 




19-U9B, 


FIG. 


42D. 
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Ex«.placy inputs and Output. 

rTG. 41A - 41 H 




1802 
1803 

1804 
180S 

1838 



n ^ianation ggn^«I Descciption 



SHBATT 
♦ BATT 
RAO ION 

SCNON 
12/S 

SCNPW 



Switched Battery 
voltage Output 

Battery input and 
Outputs 

Logical input «<»r 
Turning on the Radio 
Circuits 

Logical Input for 
Turning on Scanner 

Logical Input 
Selecting for Twelve 
volt or rive volt 
Scanner 

Power Output for 
Scanner 



riGS» 4iB,r»H 

1806 
1807 

1808 



1809^ 
18101 
1857 > 
18S«. 

lass 



1856 



18S9 



CHRPR 
TEMP 

CHGCNTL 



LAN> 
LAN- 



rr.np 



CHGCNTL 



5V REF SW 



Charging Power Input 

Analog voltage input 
Representing Battery 
Teaperature 

Logical Control 
Signal Controlling 
Battery Charging 

Signal Lines 
for Local Area 
Network 

An«l«g Vnlfaae 
Output Rcptesenting 
Battery Teaperature 

Logical control 
Signal Controlling 
Battery Charging 

switched Five Volts 
Reference Output 
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Ex««OlaCV ^- r"*''^ O nt puts. FIGS. 42 A - 42 E 

^..r,nce Ho. D£ii2n«tion gene ral Description 
FIG. 42 A 

PTT Logical Receive/ 

1909 Transmit Output 

control Signal 

19 2 aa.aband Audio 

19-2 frequency Receive 

input Signal 

TXDR Trana.it Output 
^■^ Signal 

FIG. 42'D 

Logical Receive/ 
19-1 ^"^^ Transmit Input 

Control Signal 

„DR Tran.-it Output 
15"** Signal 

,a 5V RBF SW input switched rive 

19-1* Volt Reference 

Potential 

96/48 inpnt Logical Baud 

19-5 ^^r^ salaction 

Signal 

19-OS "'O 

x,.M « AUDIO ^j|s:„i;"'ii:„iv. 

Signal 

n-gt Output Received 

19-11 RSSI ou^p^^ strength 

indication 

g FLTCLK input Clock Rat. 

l9-» Signal 



tc RPTXD input Logical 

RFTAu control Signal 



.or* 
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i9-2i 2VREr Two Volt R«£«r«nc8 

Potential Output 

19-10 RSSI Input Received 

Signal Strength 
Indication 

Further information on a local area network which may 

reaovably receive the hand-held transceiver terainal units, 

e.g. for recharging the batteries thereof^ aay b« found in the 

following incorporated patent application: 

t! Miller, Koenck, Rubier, Cargin and Hanson 

S| U.S. Ser. 07/305,302 filed 

January 31, 1989 (Attorney Docket No. 6649) 

y I 
% I 

P The interconnecting lines bstveen ths respective 

£1 figures have been designated as followss rXGS* ISA and 18B - 
U. 1BQ2, 1811, 1812, 1814, 1801, 181S, 1802; FIGS. 18B and 18C - 
Jl 1802, 1816, 1817, 1818, 1820; riOS* 18C and 180 - 1830, 1831. 
1830, 1833, 1834; FIGS. 18B and ISF - 1802, 181S, 1801, 1820; 
PIG. ISC and 18G - 1820; FIGS. 180 and 188 - 1835, 1836, 1830, 
1837; FIGS. 18E and 18r - 1850, 1851, 1851, 18S3, 1854, 18SS, 
1856, 1857, 1858. FIGS. 19A - 19B show axaaplary analog 
rec«ive/transait circuitry for aobilc tranacoivor units such 
as repr«s«nt«d at 82, FIG. 6 and at 220, 221, FIG. 12. FIGS. 
19A and 19B - 1901, 19-18, 19-14, 19-5, 19-23, 19-23, 19-14, 
1902, 1903, 19-7f FIGS. 19B and 19C - 19-1, 19-18, 19-14, 19- 
5, 1904. 1905, 19-4; FIGS. 19C ««H 19n - 19 1, 19-19, 19-1 V 
19-5, 1906, 1907, 1907, 1905, 1908, 19-12, 19-11; FIGS. I'JA 
and 19B - 19-14; FIGS. 198 and 19B - 19-7, 19-17, 19-4, 19-U. 
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Description of FIGS. 43A-43H and 44A-44H 

FIGS. 43A-43H show exemplary circuitry used in 
a digital processor board for a coininercial product 
of Norand Corporation known as the RT3210, which is 
a mobile transceiver unit which may operate in 
accordance with the teachings of the present 
disclosure, e.g. as represented in FIGS. 36-40. 

The components represented by rectangles in 
these figures are identified as follows: 
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Identification of Components 
in FTGS. 43-4: ^H. 44A-44H 

Component nftsnrintion/Tvpe 

20-U12, FIG. 43A; Static Random 

20-U17, FIG. 43F. Access Memory 

CMOS-32K X 8 LP 

20-U5, FIG. 43B RS232 

Driver/Receiver 

MAX 236 

20-REGl, FIG. 43D; Voltage Regulator 

20-REG2, FIG. 43D. LP 2951AC 

20-U2, FIG. 43E Quad Switch 

DG 445 DY 

20-U8, FIG. 43G Octal Flip-Flop 

74 HC 573 

2 0-U13, FIG. 43G; Latch 

20- U15, FIG. 44G. 74 HC 573 

21- U6, FIG. 44B Converter 

AD 7226 KCWP 

21-U14, FIG. 44E Counter 

74 HC 4060 

21-U9, FIG. 44 F Microcontroller 

S8QC552 

21-U16, FIG. 44G EPROM 

64K X 8 
27C512 



The following table shows exemplary connections 
between FIG. 44A and FIGS. 41A, 41D, 41E, 42D, and 
42E. 
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FIG. 


Exemplary Connections 
44A and FIGS. 41A-41F 


Between 
and 42A-42E 


P/0 Radio 


Connector 


(J2) 


Associated Line 


Position 


Desianation 


Number / FIG. 


1 


TFMP 




1844, FIG. 41F 


2 






1856, FIG. 41F 


3 


T.AN4- 




1857, FIG. 41F 


4 






1858, FIG. 41F 


5 






1802, FIG. 41A 


6 






19-15, FIG. 42E 


7 


W£lJtvirX\ 




1806, FIG. 41E 


8 


XvAJ-/ X LfKJri 




1803, FIG. 41A 


9 






1805, FIG. 41A 


10 






1838, FIG. 41D 


11 






1804, FIG. 41A 


12 


XMIT 




19-1, FIG. 42D 


13 


96/48 




19-5, FIG. 42D 


14 


FOTEST 




1905, FIG. 42D 


15 


RSSI 




19-11, FIG. 42D 


16 


RXD 




19-9, FIG. 42D 


17 


RX AUDIO 




19-20, FIG. 42D 


18 


GND 




GND, FIG. 41A 


19 


FLTCLK 




19-6, FIG. 42E 


20 


GND 




GND, FIG. ISA 


21 


BUZ 




19-BUZ, FIG. 42D 


22 


KBUZ 




19-BUZ, FIG. 42D 


23 


2VREF 




19-21, FIG. 42E 


24 


TXDR 




19-18, FIG. 42D 
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Summary of Operation for FIGS. 42A-42E 

Exemplary circuitry for effecting baud rate 
switching is indicated at 2072 and 2082, FIG. 22, at 
2220, 2221, FIG. 35, in FIGS. 36-40, and in FIGS. 
42A-42E. Operation of FIGS. 42A-42E may be 
summarized as follows: 

BAUD RATE SWITCHING CIRCUIT DESCRIPTION 
Baseband Analog Processing 

General: The baseband analog processing 
circuitry of FIGS. 41A-41H, 42A-42E is designed to 
be used in conjunction with a narrowband FM 
transceiver such as the Model RT3210 shown in 
Appendix A hereto • The transmitter input and 
receiver output of the radio assembly are intended 
to be DC coupled. 

Receive Mode 

The radio circuitry is placed in the receiver 
mode by applying a logic "0" to the XMIT control 
line designated 19-1 in FIG. 4 2D. 

(a) Nominally, the receiver output DC 
component is 2.7VDC h-/-15% with the transmitter and 
receiver oscillators at nominal frequency. The peak 
to peak amplitude of the signal is determined by the 
FM deviation at the transmitting unit, and the 
voltage-frequency characteristic of the 
discriminator in the receiver. Typically, the 
amplitude IB 600mVpp for a FM deviation of +/-3KH2. 

(b) Baseband audio is passed to the receive 
analog processing circuitry through Pin J2-6, line 
19-2, FIG. 42A. The voltage divider consisting of 
19-R7 and 19-R2 provides attenuation of this signal 
and introduces a DC offset, shifting the nominally 
biased signal at 2.7VDC to approximately 3.5VDC, the 
analog reference voltage. The analog circuitry is 
designed to function correctly with the expected 
changes in the receiver based voltage . due to 
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temperatures, tuning, and aging induced variations 
in the oscillator frequencies. 

Capacitor 19-ClO provides a first order lowpass 
filtering function, producing rolloff of frequencies 
above approximately 60KH2, This prevents aliasing 
effects in the subsequent switched capacitor filter, 
19U2A, FIG. 42B. 

(c) From the junction of 19 -R? and 19-R2 the 
signal is passed through a programmable attenuator 
consisting of 19U1A and 19-R8 and a level adjustment 
consisting of a potentiometer 19-R9, FIG. 42B. The 
operation of the subsequent data detector is level 
sensitive, and the adjustment allows the receive 
processing circuit to be optimized for best 
performance. The level adjustment is referenced to 
the 3.5VDC analog voltage reference via line 19-4, 
such reference potential originating at 19-U6A, FIG. 
42E. 

The switchable attenuator 19-UlA is controlled 
by the 4800/9600 line 19-S, FIG. 42A, from the 
digital processor, via connector 21-P/o (position 
13) . In the 9600 position of 19 UlA (shown) series 
resistor 19 -R is switched out of the signal path, 
providing less attenuation of the received 
audiosignal in the 9600 baud mode where the FM 
deviation is reduced. In the 4800 baud mode the 
additional attenuation introduced by 19-R8 reduces 
the signal to the point where the amplitude at the 
input of the filter 19-U2A is the same as the 
amplitude at 9600 baud. 

(d) Low Pass Filter 19-U2A is a switched 
capacitor • filter with approximately a five pole 6dB 
Gaussian Transitional frequency response 
characteristic. The filter provides a minimal DC 
gain of 18dB referenced to the 3.5BDC analog supply 
19-4. The 3dB cutoff frequency of the filter is 
established by a clock signal applied at 19-6, FIG. 
42E, from the digital processor board, 21-P/O 
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(position 19) . The cutoff frequency is equal to the 
clock frequency divided by sixty-four. A frequency 
of approximately 350KH2 is applied in the 9600 baud 
mode, while approximately 175KH2 is applied in the 
4800 baud mode. The output of the filter is passed 
through a single pole lowpass filter with a cutoff 
frequency of approximately 60KHz to reduce the 
possibility of clock leakage from the filter 
affecting the subsequent detector circuitry. 

The clock buffer drive/ level adjustment circuit 
consisting of 19-Q16, FIG. 42B, 19-Q19, FIG. 42A, 
and associated resistors allows the 4800/9600 select 
line 19-5 to vary the collector resistance of the 
clock buffer/level translator 19-Q17, FIG. 42E, 
depending on which data rate is selected. At the 
high data rate the collector resistance is reduced 
to compensate for the effects of the stray 
capacitance in the circuit, allowing good clock 
symmetry at the filter input to be maintained 
without the use of a more complex push-pull driver 
circuit. At the low data rate, the lower clock 
frequency allows the collector resistance to be 
increased, reducing current drain in the circuit. 

The filtered signal at 1904, FIGS. 42B and 42C, 
is passed through a buffer amplifier 19-u#A and via 
1906, FIGS. 42C and 42D, to the comparator 19-U3B. 
The other input of the comparator 19-U3B is fed by 
the DC threshold circuit and associated circuitry. 
The threshold circuitry is comprised of positive and 
negative peak detectors with the time constant 
substantially longer than the expected maximum 
interval between the high and low amplitudes which 
correspond to binary mark and space conditions in 
the analog signal. The positive and negative peaks 
are averaged by a resistive voltage divider 
consisting of 19-Rll and 19'-R14. 

Normally the peak and peak amplitude at the 
input of the threshold restoration circuit is less 
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than the forward voltage potential of diodes 
(19-CR3A, 19-CR3B, FIG. 42C) . The diodes only 
conduct when power is applied to the analog 
circuitry or if large transients are present in the 
analog signal allowing the threshold to quickly 
adjust to track such conditions. Resistor 190-R12, 
FIG. 42C provides current lifting, reducing ripple 
in the threshold should the analog level approach 
the diode conduction voltage in normal operation. 

The output of the comparator 19-U38, FIG. 42D, 
is provided to the digital board through connector 
21-P/O (position 16) , FIG. 44A, for timing recovery 
and further processing. 

(f) The RSSI output of the receiver is applied 
to the analog board via line 19-10, FIG. 42E and is 
passed via line 19-11, FIGS. 42E, 42C, 42D, directly 
to an A/D converter on the digital board through 
connector 21-P/O (position 15) , FIG. 44A. The RSSI 
output is also applied to an edge detector 
consisting of op-amp 19-U9A, FIG. 42D and is 
comparators 19-U2A, 19-U2B, FIG. 42C which are part 
of the filter (U2) including 19-U2A, 19U2B, FIG. 
42 A. This circuit causes a momentary negative going 
pulse approximately the peak to peak amplitude of 
the received audio to. be applied to the data 
detector circuitry, allowing the detector to 
initialize to both positive and negative peaks in 
the data even if the data at the detector consists 
of a marking (high) condition only, the normal 
standby state for the UART. 

Transmit Mode 

The radio transceiver is. placed in transit mode 
by applying a "1" logic level signal to the XMIT 
line, 19-1, FIG. 42D. 

(a) The transmitter modulator input is DC 
coupled, and requires a nominal DC bias of 3.5. volts 
in order to operate on the * intended center 
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frequency. The 3.5 reference supply is generated 
from a 5V regulated power supply by the circuit 
consisting of 19-R31, 19-R32, FIG. 42E, and op-amp 
19 U6A. A second power supply at approximately 2V is 
generated with 19 -USB, FIG. 42E, in an inverting 
configuration with the 5V (line 19-14, FIGS. 42D, 
19E) and 3.5V supplies as inputs. Circuit values for 
the 5V and 2V supplies being symmetrical with 
respect to the 3.5V supply, or the circuit may be 
modified to offset the 2V supply slightly to 
compensate for asymmetry in the modulation 
characteristics of the transmitter. 

(b) Transmit data from the digital board is 
applied to the analog board through line 19-15, FIG. 
42E, and then routed to DPST analog switch 19-UlB 
with functions as a level translator. The output of 
the switch is connected to either the 5V or 2V 
supply voltages depending on the state of the 
transmit data. The resulting transmit waveform is 
applied via 19-17 to a single pole 60KHz filter 
comprised of 19-R21 and 19-C15 and analog switch 
19-UlC, FIG. 428. 

(c) Integrated circuit 19-UlC, 19-R19 and 
19 — R20 function as a programmable attenuator 
controlled by the 4800/9600 line 19-5, FIGS. 42B, 
42C, 42D. In the 9600 baud mode, 19-R20 is switched 
into the circuit reducing the amplitude of the 
modulating signal. In the 4800 baud mode, 19-R20 is 
removed from the circuit. Resistor 19-R19 serves as 
a level adjustment which establishes the FM 
deviation of the transmitter. The 3.5V analog supply 
volta^je at 19-4, FIG. 42B, is used as a divider 
reference. In the 4800 baud mode the level is 
adjusted to produce an FM deviation of +/3.5KHZ. In 
the 9600 baud mode, the addition of 19-R20 reduces 
the amplitude to set the deviation to +/-2.4KHZ. 

(d) The level adjusted signal is then applied 
via line 1902 to switched capacitor filter 19p-U2B.. 



- 117 - 

The characteristics of this filter are identical to 
the receiver filter 19-U2A, except that the transmit 
filter provides unity gain. Clock frequencies and 
level translator collector resistance are selected 
as previously described for the receiver. The output 
of the filter is passed through a single pole clock 
elimination filter consisting of 19-R18 and 19-C14, 
FIG. 42A, and then applied to the transmitter 
modulator input through line 19-18. 

Two considerations that are of importance in 
radio frequency data coitixnunication systems are 
coverage of service areas and throughput. To cover a 
service area with a minimum number of gaps or no 
gaps in coverage, it is desirable to have a 
plurality of base stations disposed geographically 
so that their coverage overlaps. Such a system may 
be like that of U.S. Patent 4,924,462, assigned to 
the assignee of the present invention, which is 
incorporated here by reference as if set forth 
fully. The "462 patent teaches the RTC protocol, 
which is a protocol that uses a non-specific poll 
that is useful when there is a large number of 
remote stations, some of which may be dormant for 
relatively long periods. 

In that system or ones similar to it, one or 
more of the base stations is selected to transmit 
the RTC heartbeat, which is the system synchronizing 
signal. Responses from terminals in the service area 
are monitored by all of the base stations that 
receive signals from the terminals. In most cases, 
terminals, will be at different distances from each 
of the plurality of base stations, and the resulting 
differences in received signal strengths at the 
receiving terminals will eliminate the effects of 
signal collision by FM capture. Bases can be 
networked to allow the coordination, of polling of 
terminals that have identified themselves to the 
base stations during their response interv^ils. The 
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use of information about the strength of signals 
received at the base stations allows the network to 
adjust broadcast signal strengths so as to poll 
receiving terminals simultaneously with a minimum 
risk of collision. This provides a number of 
advantages. First, a smaller number of collisions 
will reduce the number of delays in response due to 
collisions. This means that the number of slots can 
be reduced, thus reducing overhead. The system also 
allows for simultaneous communication on a single 
frequency when two or more terminals are so located 
with respect to their base stations that the 
same-frequency communications will not interfere 
with each other. Finally, the system allows a UHF 
spread-spectrum system to share the same local-area 
network . 

IncoriDoration by Reference 

The following pending patent applications 
contain exemplary details relating to a mobile radio 
data terminal generally corresponding with that of 
APPENDIX D2, and to cooperative environments 
therefor. 



U.S. Serial No. 


Filing Date 


Inventorfs) 


Attorney 




Docket 


07/265,842 


Nov. 1, 1988 


M.L. Sojka 


6625 


07/292,810 


Jan. 3, 1989 


M.L. Sojka 


6625X 


07/305,302 


Jan. 31, 1989 


R. Miller, et al. 


6649 


07/347,602 


May 3, 1989 


R. Miller, et al. 


6649XX 


07/389,727 


Aug. 4, 1989 


R. Mahany, et al. 


6500X 


07/467,096 


Jan. 18, 1990 


R. Mahany, et al. 


37139 


07/478,180 


Feb. 9, 1990 


S. Koenck, et al. 


6599Y 


07/478,591 . 


Feb. 9, 1990 . 


G. Chadima, Jr. 


619^Y , 


(Express Mail Label 




D. Schultz 




No. OB 039 373 730 


J. Krunnfusz 








W. Gibbs 





The disclosure of each of these patent 
applications is incorporated herein by reference in 
its. entirety including Appendices and drawings. 
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Description of FIGS. 45A, 45B and 46 

FIGS. 22A shows and end cap flex circuit 22-1 
with conductive traces such as 22-2 between 
twenty-four of twenty-five solder pads such as 22-3 
and respective terminal positions of a fifteen 
position array 22-5 and a nine position array 22-6, 
A printer port 15-pin D-Sub connector is associated 
with the positions of array 22-5 and a scanner 
interface 9-pin D Sub connector connects with the 
position of array 22-6. These D-Sub connectors are 
mounted in the bottom end wall of the RT 3210 
terminal as shown in the eighteenth figure of the 
incorporated patent application filed Feb. 9^ 1990 
in the names of George E. Chadima, Jr. et al.. 
Attorney Docket No. 6195Y. The trace width of the 
paths such as 22-2 are either .020 inch or .080 
inch, respectively. The twenty-four positions such 
as 22-3 connect with respective lines indicated at 
20-3 in FIGS. 43A, 43B and 43E* 

The six pads at 23-1 are associated with rivet 
pins projecting into the battery compartment of the 
RT3210 as described in reference to the 
twenty-second figure of the incorporated Chadima, 
Jr. et al. patent application filed February 9, 
1990, Attorney Docket No* 6195Y. The effective 
circuit in the battery pack is illustrated in the 
twenty-fourth figure of the incorporated Chadima, 
Jr. et al. patent application. The positions 23-2 at 
the opposite end of power flex connector 23-3 are 
associated with respective lines such as 1802, FIG. 
41A and 1855-1858, FIG. 41F. 

Description of FIGS. 47-50. 51A-51G and 52A-52C 

In the previous example of adaptive data rate 
switching, the channel bandwidith constraints limited 
the maximum data "high" data rate . that could be 
utilized. for transmittirig NRZ coded data^. 
Significant improvements in system throughput 



- 120 - 

potential can be realized within the allotted 
bandwidth by extending the concept of adaptively 
selecting data rate to include switching between 
source encoding methods. The preferred approach is 
to continue to use NRZ coding for the lower system 
data rate and substitute partial response (PR) 
encoding for the higher rate. The throughput 
improvements of a NRZ /PR scheme over the previously 
described NRZ/NRZ implementation are obtained at the 
expense of additional complexity in the baseband 
processing circuitry. 

Partial response encoding methods are line 
coding techniques which allow a potential doubling 
of the data rate over NRZ encoding using the same 
baseband bandwidth. Examples of PR encoding methods 
include duobinary and modified duobinary encoding. 
Bandwidth efficiency is improved by converting 
binary data into three level, or pseudo-ternary 
signals. Because the receiver decision circuitry 
just distinguish between three instead of two 
levels, there is a signal to noise (range) penalty 
for using PR encoding. In an adaptive baud rate 
switching system the effects of this degradation are 
eliminated by appropriate selection of the baud rate 
switching threshold. 

Since PR encoding offers a doubling of the data 
rate of NRZ encoded data in the same bandwidth, one 
possible implementation of a NRZ/PR baud rate 
switching system would be a 4800/9600 bit/sec system 
in which the lowpass filter bandwidth was not 
switched. This might be desirable for example if 
complex , lowpass filters; constructed of. disprete 
components had to be used. Use of a single filter 
could reduce circuit costs and printed circuit board 
area requirements. This approach might also be 
desirable if the channel bandwidth were reduced 
below what is currently available. 
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The preferred implementation with the bandwidth 
available is to use PR encoding to increase the high 
data rate well beyond the 9600 bit/sec 
implementation previously described. An approach 
using 4800 bit/ sec NRZ encoded data for the low rate 
thereby providing high reliability and backward 
compatibility with enlisting products, and 16K 
bit/ sec PR encoded transmission for the high rate is 
utilized. The PR encoding technique is a hybrid form 
similar to duobinary and several of its variants 
which has been devised to aid decoding, minimize the 
increase in hardware complexity, and provide similar 
performance characteristics to that of the 
previously described 4800/9600 bit/sec 
implementation . 

While PR encoding could potentially provide a 
high data rate of up to 2 OK bit/ sec in the available 
channel bandwidth, 16K bit/sec was selected because 
of the practical constraints imposed by oscillator 
temperature stability and the distortion 
characteristics of the IF bandpass filters. 

A simple block diagram of the combined 4800 
bit/sec binary, 16K bit/sec partial response encoder 
is shown in FIG, 47. A description of its basic 
operation follows. 

4800 Baud Binary 

The precoder 24-1 is set-up to pass binary data 
from binary source 24-2 directly through. The 
lowpass filter cutoff of programmable lowpass filter 
24-3 is adjusted to pass frequencies below 2400Hz. 

16K Baud Partial Response 

The precoder 24-1 is programmed to convert 
binary data to three level output according to the 
encode algorithm The lowpass filter bandwidth is 
programmed to provide a 4KHz putoff frequency. 



- 122 - 

Encode Algorithm 

The encoder 24-1 is intended to accept binary 
NRZ encoded data in either a framed asynchronous 
start bit, 7 or 8 data bits, parity bit, stop bit), 
or a bit-synchronous SDLC format. Its output is a 
pseudo-ternary data stream. The encode algorithm is 
a hybrid scheme similar to PR duobinary encoding 
(duobinary with precoding) . Unlike PR duobinary 
encoding, it is designed to address data pattern 
difficulties that may arise because of the 
characteristics of the binary source data. 

(1) Run Length Limiting in the Mark State 
Both framed asynchronous and SDLC encoding 
provide run-length lifting in the mark state, which 
is to say that the number of consecutive marks in 
the source data is constrained to some maximum 
number after which a space is guaranteed to be 
encountered. In binary transmission the key concern 
is having a sufficient quantity of transitions 
between the two possible output states to assure 
reliable timing recovery in the receiver. In dc 
coupled systems, periodic transitions may also be 
required to establish and maintain the decision 
threshold. 

In a partial response implementation, the 
transitions provided in the binary source data may 
not be sufficient to provide efficient data recovery 
in the receiver. For example, the standard PR 
duobinary encoder (Figure 1) is generally 
implemented so that of the 3 possible output states 
denoted here as +, 0, and the two outside states, 
+ and correspond to a binary mark input, while 
the center or 0 state corresponds to a binary space 
input. For an arbitrary input sequence of some 
number of marks, followed by some nuitdaer of spaces, 
followed by another series of marks, the encoder 
output may move between all three of the possible 
states, or only two of three states depending on 



- 123 - 



whether the number of spaces is even or odd. For 
certain repetitive data patterns the output may not 
visit all three output states for an indefinite 
period of time as shown in the following examples: 

a) BINARY looiooiooiooiooiooiooiooiooiooiool, . . 

PR DUOBINARY 

+00+00+00+00+00+00+00+00+00+00+00+. . . 

b) BINARY 1010010010010010010010010010010010... 

PR DUOBINARY 

+0-00-00-00-00-00-00-00-00-00-00-0. . . 

In the hybrid encoding scheme used for this 
system, the preceding algorithm has been defined so 
that the presence of any number of spaces in the 
input data stream always causes the next mark 
encountered to assume the opposite output state of 
the previous mark. Using this "Alternating Mark 
Rule" the two examples above are coded as follows: 

a) BINARY 1001001001001001001001001001001001001 

HYBRID PR ENCODING 

+00-00+00-00+00-00+00-00+00-00+00-00+00- 

b) BINARY lOlOOlOOlOOlOOlOOlOOlOOlOOlOOlOOlOOIOOlO 

HYBRID PR ENCODING 

+0-00+00-00^00-00+00-00+00-00-00-00+00-0 

2) Run Length Limiting in the Space State 

Neither SDLC or framed asynchronous binary data 
are run length limited in the space state, although 
framed asynchronous data can be considered RLL if 
use of the ASCII null character is prohibited. The 
standard duobinary encoder produces an unconstrained 
sequence of the 0 output sequence state for a 
lengthy sequence of space inputs. The hybrid 
encoding scheme provides run length lifting in the 
space state by performing a block substitution of an 
alternative, output pattern for sequences of eight 
consecutive space inputs. This substitution pattern 
is easily recognized in the receiver data recovery 
circuitry because it intentionally violates the 
Alternating Mark Rule, described above. 
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An example Of block substitution is shown 

below. 

BINARY : 

10110000000001110000000010100000000000000001011 
PR DUOBINARY: 

+0 — 000000000+++00000000+0-0000000000000000-0++ 
HYBRID PR ENCODING: 

+0 — 00 — 00++0 00 — 00+++0-00 — 00++00 — 00+++0 — 

vhere ^^^^^^^^ denotes substitution of a 00++00 — or 
00 — 00++ pattern depending on the value of the 
previous mark output. 

The full transmit encoder is comprised of the 
precoder and the transmitter lowpass filter which 
provides bandlimiting. IN ACTUAL PRACTICE THE DATA 
PATTERNS ABOVE ARE ONLY CHARACTERISTIC OF THE 
WAVEFORM AT THE OUTPUT OF THE RECEIVER LOWPASS 
FILTER AT THE CENTER OF THE BIT INTERVAL. Figure 26 
shows a detailed block diagram of the preferred 
implementation of the transmitter baseband 
circuitry. Figure 50 shows the companion receiver. 
Figures 51A-51G show a waveform diagram for a 
representative data sequence. 

Description of Ficnires 49A and 49B 

The encoder is shown in the block 26-1 defined 
by the dotted line. The remaining blocks describe 
the system control and data source components. These 
functions are similar to those of the corresponding 
blocks in the previous 4800/9600 bit/ sec approach. A 
system microprocessor 26-2 provides control 
functions, and may also be the data source to supply 
binary data as indicated at 26-11, FIG. 49A. 
Alternatively as indicated in FIG. 49B a serial 
communications controller 2 6-3 may be utilized to 
offload the communications function for the system 
microprocessor or provide enhanced communications 
capabilities. A system clock 26-4 provides a common 
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timing source for all system components. This clock 
source is used to derive clock signals for the 
switched capacitor data filter 26-5 • The filter 
clock generator 26-6 is a programmable counter 
device capable of generating the two clock 
frequencies necessary to provide 2400z and 4800Hz 
filter cutoff characteristics* 

The encode algorithm is generated in an 
application specific integrated circuit 26-7 in 
combination with the low pass filter 26-5. The ASIC 
26-7 perform a preceding function which provides two 
outputs to a double pole single throw analog switch 
26-8. Alternatively, the preceding function could be 
implemented in discrete hardware, the system 
microprocessor, or a dedicated radio link 
microprocessor . 

The first of the precoder outputs is a select 
line which causes the switch to connect its output 
to one of two possible input voltages, VH or VL. The 
selected output voltage is then divided against a 
reference voltage Vo through a level adjustment 
potentiometer 26-9 to produce a voltage of Vo +/- D. 
The second output of the precoder ASIC is an inhibit 
line which causes the output of the switch to attain 
a high impedance state. In this case the output of 
the level adjust potentiometer 26-9 is Vo. 

The level adjust output is applied to the input 
of the low pass filter 2 6-5 which ideally exhibits 
unity gain for frequencies below its programmed 
cutoff frequency. The filtered output at 26-10 is 
applied to the FM modulator. In operation the filter 
provides integration of. the discontinuous input 
waveform, providing a continuous phase signal to the 
modulator . 

The relationships between the voltages at the 
output of the filter and the FM modulator output is 
as follows. When Vo is applied to the modulator the 
transmitter output frequency is the channel center 
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frequency. Sustained application of Vo +/- D 
produces a positive or negative deviation in the 
carrier frequency proportional to the magnitude of 
D. 

5 4800 Baud Operation 

In 4800 bit/sec operation, the filter 26~S is 
switched to provide a 2400H2 cutoff characteristic. 
The precoder 26-7 is enabled in a straight 
pass-through mode, and its inhibit output is not 
10 used. The output of the analog switch 2 6-8 produces 
p a signal which toggles between VH and VL in 

accordance with the input data. The signal is then 
attenuated, filtered, and applied to the modulator. 
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^ 16K Bit/Sec Operation 

15 In the 16K bit/sec mode the filter cutoff 

characteristic is selected to be 4KHz and both 
fy precoder outputs are enabled. Data is shifted into 

an internal shift register for look ahead processing 
nj using the provided data clock. This results in 

20 several bits time delay in message transmission 
which must be accounted for by the system processor 
26-2. The precede algorithm characterized by the 
following simplified truth tables. 



Standard Precede 
25 The standard precede truth table generates 

SELECT! and INHIBIT! for any arbitrary BITi out of an 
n bit message. 



Definitions 

BITi- CURRENT INPUT DATA BIT 
30 BITi-i PREVIOUS INPUT DATA BITi 
SELECT - OUTPUT TO MODULATOR 
INHIBIT=HIGH IMPEDANCE CONTROL 
. MARKi= PRESENT MARK VALUE 
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MARKi_i PREVIOUS MARK VALUE 

X DENOTES an arbitrary or "don't care" condition. 
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NOTES : 

* denotes that this output is switched after 
fractional bit time delay. 

MARK is stored internal to the decoder for use 
in calculating SELECT and INHIBIT. 

For the initial bit in a message, BITi , BITq 
and MARKq are both assigned the l value. 
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Look Ahead Encode 

Look ahead encode is used whenever the present 
bit, and the next seven bits are all zero. In this 
case the entire eight bits is replaced with a 
substitution pattern which provides run length 
limiting. 
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MARK is saved at its value prior to the 
substitution pattern insertion, PBIT is set to 'o*. 

If, at the conclusion of the substitution 
sequence another eight consecutive »0» string is 
detected, the substitution process is repeated. 
Otherwise, the outputs for the next bit are 
determined from the . recovery table below. 
Thereafter the standard encode algorithm is used. 
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The use of the delayed activation of the 
INHIBIT line is necessary in order to minimize 
intersymbol interference in the receiver. The amount 
of delay used is dependent on the pattern of the 
input data stream. The delay is implemented by 
utilizing a internal clock rate of eight times the 
actual data rate and using a look ahead algorithm 
which activates the inhibit line after a five or six 
cycle delay. 

Receiver Data Recovery 

Description of Figure 50. 

The majority of the data recovery function is 
included in an ASIC or dedicated link 
microprocessor. Ideally the decode function is 
implemented in the same physical hardware as the 
encoder in order to control costs. 

The data recovery circuitry accepts two input 
signals from the receiver. One is the receiver 
baseband audio output at 27-1, the other is the 
received signal strength indicator or RSSI. The 
baseband signal is applied to a lowpass filter 27-3 
similar to that used in the transmitter, in order to 
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bandliroit the recovered data prior to further 
processing. The RSSI is applied to a comparator with 
a fixed threshold in order to provide a carrier 
detect indication and initialize the data recovery 
process. 

The filtered audio is applied to positive and 
negative peak detectors 27-5 and 27-6. The outputs 
of the are applied to a resistive ladder network 
27-7 which provide three threshold voltages (VH, VM, 
and VL) at 75%, 50%, and 25% of the voltage 
differential between the two detected peaks. 

These serve and reference voltages for the 
slicer 27-8 which follows. 

The slicer is a bank of three comparators 
27-8A, 27-8B, 27-8C to which the filtered audio 
signal is applied. The three outputs each produce a 
logical one output whenever the input signal exceeds 
the comparators respective thresholds, and logical 
zero outputs otherwise. The three outputs, labelled 
CH,CL,CM are applied to the decoder. 

The decoder 27-9 provides both clock recovery 
and data decision functions. In the partial response 
mode, clock recovery is obtained by synchronizing an 
internal counter which is fed by the externally 
provided 8X clock at 27-10 with transitions that 
occur on the C8 and CL inputs. A digital phase lock 
loop is used for this purpose. Clock recovery in the 
NRZ mode is based upon transitions that occur on the 
CM input only, but is otherwise identical to that of 
the PR code. In either case, clock initialization is 
aided by a synchronization sequence which is 
provided at the beginning of each message. 

Data recovery in both codes is based upon 
multiple sampling of the proper slicer outputs (CH, 
CM and CL for. PR, CM for NRZ) on both the positive 
and negative going edges of the 8X clock during the 
expected bit interval. A. weighted voting circuit 
which favors samples ^ taken near the- center of the 
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bit period is applied to determine the probable 
state of each respective bit. 

In the PR code the decoder 27-9 also identifies 
coding rules violations, in which case the error 
flag at 27-12 is activated and block replacement for 
consecutive zeros in the data, in which case the 
substitution pattern is replaced with the original 
string. This is accomplished using an internal 
shift register which delays the output by eight bits 
over the input. In a more complex implementation a 
maximum likelihood sequence detector could be 
utilized in the decoder to improve performance under 
low noise conditions. 

Waveform Diagram 

Description of Figures 51A-51G 

Figure 51A-51G shows various output waveforms 
for a short data pattern in which no block 
substitutions are required. As these waveforms are 
hand drawn, inaccuracies are prevalent, particularly 
in the two filtered signals, FIGS. 51E and 51F. 
Signals 28-1 and 28-2 of FIGS. 51A and 51B show a 
reference clock signal and the sample binary data 
pattern. Signals 28-3 and 28-4 at FIGS. 51C and 51D 
represent the SELECT and INHIBIT outputs of the 
precoder which are applied to the switch output. The 
switch output, which is applied to the transmitter 
filter is shown as signal 28-7 in FIG. 51G. 

Signals 28-5 and 28-6 of FIGS. 51G and 51F 
represent the respective outputs of the transmitter 
and receiver filters. The clock transition points 
have been superposed on the analog waveforms. Linear 
phase filter configurations are used in both the 
transmitter and receiver. Normally these filters 
exhibit a significant tine delay. For clarity the 
delay has been normalized out. The "+", and "O" 

been ^dded to FIG. 5 IF to show the correlation 
between the analog waveform. and the coding examples 
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previously waveform and the coding examples 
previously provided. Figure 51F illustrates the 
effect of high frequency attenuation caused by the 
imperfect amplitude characteristics of realizable 
filters. Note that whenever a signal "1" bit 
bracketed by "0" bits is encountered in the source 
data, the receive filter output does not reach full 
amplitude. If necessary to improve reliability 
compensation such as a preemphasis filter or a 
pattern dependent "boost" circuit can be added to 
the transmit circuitry to reduce this effect. 

Figures 28E and 28F also illustrates the 
utilization of the integrating properties of the 
filters'^ to bandlimit the transmitted signal and to 
eliminate intersymbol interference in the receiver. 
Of particular importance is the delayed application 
of the INHIBIT line when the data pattern consists 
of a "1" followed by two or more "0*s". The delay 
allows the transmitter filter to overshoot the 
middle state slightly. The further integration 
provided by the receiver filter results in a smooth 
transition to the middle state with little or no 
overshoot. Without this delay the receiver filter 
output would not reach the middle state prior to the 
sampling instant, resulting in reduced noise 
immunity. 

Compatibility of 4800/9600 
Baud and 4800/ 16K Equipment 
Operating on the Same System 

The binary NRZ portion of the data transmitter 
arid receiver baseband processing circuitry described 
above is equally suited to 9600 bit/ sec operation as 
it is to 4800 bit/ sec operation, providing that 
proper clock frequencies are furnished to the 
switched capacitor filter and encoder /decoder, and 
that the switchable attenuators described in the 
4800/9600 baud block diagram are included to 
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compensate for the lower FM deviation allowed at 
9600 baud. It is conceivable that a base station 
utilizing the above approach could be required to 
communicate with portable devices employing 
4800/9600 switching in addition to those employing 
4800/ 16K switching. In either case, the earlier 
philosophy that all system control functions will be 
implemented at the lower system data rate will be 
maintained. 

In order, to accommodate the two differing 
higher data rates, some indication of the type of 
equipment associated with each terminal address must 
be provided. This can easily be provided by 
including equipment identification with the system 
control data which is provided in each transmission. 
An alternative is shown in Figures 29A-29C in which 
auto discrimination is illustrated. 

Both 4800 and 9600 bit/sec transmission utilize 
a 15ms initialization period prior to data 
transmission. This time period is reserved to allow 
transmitter, receiver and detector hardware to 
stabilize, and to allow transmission of 
initialization patterns for data recovery circuitry. 
Auto discrimination between 9600 and 16K bit/sec 
transmissions can be accommodated by reducing the 
initialization period for the 16K bit/ sec 
transmission. In FIGS. 52A-52C initialization for 
16K bit/ sec communications begins at 8ms with actual 
data transmission beginning at lOms. The system 
processor can initialize the decoder for 16K bit/ sec 
reception whenever high data rate operation is 
expected, and revert to 9600 bit/sec operation if a 
valid initialization sequence is not detected at the 
10ms interval. 

To assure compatibility between 48/96 48/16K 
systems, use auto differentiation based upon timing 
as indicated in FIGS. 52A-r52C. FIG. 52C shows that 
16K bit starts about 8 ms; FIC3S. 52A and 52B shows 
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that 48 and 96 start about 15 ms. This allows 
4800/9600 and 48/16K terminals to operate on the 
same system without undue complexity. A transmit 
key-up interval is indicated at 19-lA, 19-lB, 19-lC 
5 in FIGS 52A-52C, respectively. 

Description of FIG, 21A 

FIG. 21A illustrates an exemplary base 
transceiver polling and communication process which 
may be directed to the mobile transceiver units #1, 
10 #2, and #3 and the time dependent cycling from power 
conservation dormant status of the mobile 
transceiver units to active receiving status 
thereof. 

In FIG. 21A, mobile unit #1 is illustrated in 
15 its dormant /active cycle where the unit remains off 
for a five second period as at 2500 and at 2501 unit 
#1 assumes receive mode for a 100 millisecond period 
whereupon, having received no signal addressed to it 
and having no data to send, it returns to "off" 
20 (dormant) state at 50% to begin a new dormant/ active 
cycle. Mobile transceiver unit #2 is illustrated as 
being in off status at 2504 and as cycling to 
receive mode at 2505. In one embodiment the polling 
signal at 2051 (even though not addressed to unit 
25 #2) may trigger a ten second timing interval at 2506 
at the end of which if no further RF signal has been 
received until #2 will move to off (dormant) state 
and resume its dormant/ active cycling. (The signal 
at 2507 may not be of received strength at units #1 
3 0 and #2 sufficient to cause an increase in the active 
cycles at 50-1 and 2506). 

Mobile transceiver unit #3 turns on its receive 
at 2 510 when it has determined that it has a message 
to send. Unit #3 would bid for attention at 2511, 
35 e.g. , in response to general poll 2040 of FIG. 21A, 
would send its message at 2507, and then switch to 
receive at 2512, and stay on for ten seconds; as 
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indicated at 2514 whereupon it would resume the 
power saving cycle of one second RX-ON, five seconds 
- radio OFF in the absence of a received RF signal. 

When a mobile transceiver unit has no message 
to send, it will remain in receive enable state for 
a fixed time, e>a> , ten seconds and if no message is 
directed to the mobile transceiver unit, and 
further, no input is otherwise made to the mobile 
transceiver unit, e,a, , by the user, then the mobile 
transceiver unit will commence a cycle of 
alternating dormant and active states, e.g. , five 
seconds off or dormant and one second on or active, 
that is, in receive mode, ready to receive a message 
from a base transceiver. The cycling will continue 
until the mobile transceiver unit receives a signal 
addressed to it whereupon the mobile transceiver 
unit will remain in active state, that is, in 
receive or transmit mode until completion of its 
communication with the base transceiver. Following 
completion of the communication with the base 
station, the mobile transceiver unit will remain in 
receive mode for a fixed time, e.g. . ten seconds, 
and return to the alternating dormant and active 
cycling, thereby conserving power in the mobile 
transceiver the mobile, transceiver unit. If a 
polling signal or a message of any type is received 
by a mobile transceiver unit during any active state 
portion of its active /dormant cycling, the mobile 
transceiver unit, e.g. , unit #1 will remain enabled, 
that is, in active state and will receive messages 
and transmit in response thereto until the 
communication session has been completed. Further, 
when a mobile transceiver unit is powered up by a 
user, such as by manipulation of its keyboard or by 
other directly coupled input means, e.g. . by scanner 
means, the mobile transceiver unit will remain in 
active, receive mode for the fixed time period, 
e.g. > ten seconds, there following before returning 
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to its alternating dormant /active cycle. However 
should any input signal be received by the mobile 
transceiver unit during the initial fixed time 
period before cycling begins, the mobile transceiver 
unit will remain in enabled, that is, receive mode 
until a fixed period elapses during which no signal 
or other stimulus is received. 

The structure of the internally operated 
command sequencing within the processor of a mobile 
transceiver unit having the cyclic dormant /active 
power saving feature of the present disclosure is 
presented in Appendix D which occupies two pages 
following Appendices A, B, and C. 

Description of FIGS> 53A and 53B 

FIGS, 53A and 53B together comprise a flow 
chart with the operation of a mobile transceiver 
unit with the dormant/ active power saving feature. 
When the terminal radio is on, the system tests for 
reception of a transmission from the base station, 
and turns the terminal radio on for ten seconds if 
it detects one. If it does not, it tests to see if 
the terminal has scanned the bar code. If so, it 
turns the radio on for ten seconds. If not, it 
tests to see if the user has initiated a 
transmission. If so, it turns the terminal on for 
ten seconds. If none of these events occur, the 
cycle repeats until a timer turns the radio off. 
The sequence tests to see if the terminal has 
scanned the bar code and, if not, if the user has 
initiated a transmission. If the answer is yes, the 
radio is switched on for ten seconds; otherwise, the 
cycle repeats until a timer times out the. test, in 
which case the radio is turned on for one second to 
listen for a poll. 
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Other Embodiments 

Instead of switching between higher and lower 
baud rates, other techniques in switching between a 
more conservative to a less conservative mode of 
communication might also be used. For example, with 
a communication system using direct-sequence spread 
spectrxim transmissions, the length of the spreading 
code might be adjusted. Shorter- length spreading 
codes having less noise immunity might be used when 
the receiver is able to successfully receive 
transmissions. Because the spreading codes are 
shorter, data throughput will be at a maximum. 
However, when the receiver is unable to successfully 
receive transmissions, a longer-length spreading 
code could be used to provide enhanced noise 
rejection, even though data throughput is 
sacrificed. 

Similarly, using frequency-hopping spread 
spectrum transmissions, the receiver might switch 
between slow-hopping and fast-hopping modes. For 
example, a slow-hopping mode (where there are 
typically several symbols per hop) might be used 
when communication attempts prove successful, i.e., 
the noise on the channel has not affected 
transmission. Where communication proves 

unsuccessful while using slow-hopping, a fast 
hopping mode (where there are typically several hops 
per symbol) might be used. Switching in this 
manner, optimizes the rate of data throughput on the 
channel. 

Description of FIG. 54 

FIG. 54 illustrates the use of a programmable 
directional antenna system in the coirrmunication 
system having the basic communication pathways and 
spatial relationships between a host computer, base 
stations and mobile transceiver units of the present 
invention. In one, preferred embodiment, host 
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computer 3011 can be either an IBM AS400 or 3090 
mainframe^ Base stations 3019 and 3021 are NORAND 
RB4000 products and mobile transceiver units 3013 
and 3017 are NORAND RTllOO products. Although only 
one host computer, two base stations and three 
mobile transceiver units are shown for simplicity, 
the use of additional host units, many more base 
stations and hundreds of mobile transceiver units 
are contemplated. 

If the remote terminals 3013 and 3017 desire a 
communication exchange and are within the RF range 
of each other, they can use direct RF transmission 
to communicate. If they are not within RF range, an 
indirect communication link using the base stations 
3019 and/or 3021 must be used. A communication 
exchange between the mobile transceiver units 3013 
and 3017 and the host computer 3011 require the 
assistance of the base stations 3 019 and 3021. The 
base stations 3019 and 3021 receive communications 
via one link medium and relay those communications 
along another. Particularly, a "hard-wired" 

connection such as an IEEE 802.3 (ethernet) 
interface provides a link 3023 to host computer 
3011, while radio frequency (RF) transmission 
provides the link to the mobile transceiver units 
3013 and 3017. 

The RF range of the base stations 3019 and 3021 
is illustrated in FIG. 54 by the respective circular 
boundaries 3025 and 3027. The boundaries 3025 and 
3027 represent the maximum radial distance from the 
base stations 3019 and 3021 that RF communications 
can be maintained. 

The communication link between the base 
stations 3019 and 3021 may consist of either an RF 
link (as shown) or a "hard-wired" connection. If, 
for example, the . base station 3019 desires 
communication with the base station 3021, the base 
station ,3019 could increase its trahsmission power 
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so as to extend the boundary 3025 to encompass the 
base station 3021* This not only wastes energy 
(which is especially important where the base 
stations are battery powered) but also creates 
greater overlapping regions of the boundaries 3025 
and 3027 with boundaries of other base stations (not 
shown) . This results in a greater number 

collisions, slowing down the communication channel. 

A better approach for solving this problem is 
found in the use of a programmable, directional 
antennas. Specifically, when the base station 3019 
desires communication, instead of increasing 
transmission power on the non-directional antenna 
system, the base station 3019 transmits using a 
directional antenna system which is aimed at the 
base station 3021. The broadcast area and range 
using the directional antenna is illustrated by a 
boundary 3026. In fact, in this arrangement, the 
base station 3019 may be able to decrease the 
transmission power and still maintain communication. 
Because the overall transmission area (encompassed 
by the boundary 3026) is relatively small and 
located between the base stations 3019 and 3021, 
interference with other peripheral base stations 
(not shown) is minimized. 

Additionally, the aiming of the antenna and the 
power level of the transmission is programmably 
adjusted by the base stations. In this way, each 
base station having the location and required 
transmission power information can aim and transmit 
to any other base station in the communication 
system with maximum communication channel usage. 
Moreover, the transmission power might also . be 
adjusted during a transmission so as to the maintain 
the communication at the lowest energy level 
possible. Such an adjustment would operate in a 
feedback faishion. Aiming might also be adjusted by 
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the transmitting base station in this same feed-back 
manner. 

An alternative to storing location and signal 
strength information locally at each base station, 
such information may also be stored by the host 
computer for later access by the base stations. 
Such information may also be assembled into to map 
out the RF terrain. This information could provide 
both RF interference characteristics and resource 
coordinates. 

In addition, mobile transceiver units 3013 and 
3017 collect data that must be communicated to the 
host computer 3011. This data is collected either 
via respective bar code readers 3029 and 3033 or 
keyboards 3035 and 3039. U.S. Patent Nos. 

4,910,794; 4,924,462; and 4,940,974 provide a 
further description of these readers and data 
collection. 

For optimal performance during the process 
intensive steps of data collection such as bar code 
reading and decoding, the system clock rate should 
be made as high as possible. However, having a high 
system clock rate causes the generation of digital 
noise in and around the mobile transceiver unit. 
This noise can effect transmission and reception at 
the mobile unit causing a reduction in the effective 
communication range. This problem is solved by 
using a dual system clock rate. Specifically, each 
mobile transceiver unit normally operates at a slow 
system clock rate to minimize interference in 
transmission and reception. During data collection 
such as bar code scanning, the system clock is 
switched to a fast clock rate to allow the bar cpde 
scan to be processed at a higher rate. This allows 
the RF data link to coexist with both the need. and 
hardware support for bar code scan decoding. 
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Reference is made pursuant to 35 USC 120 to the 
following pending patent applications: Marvin L. 
Sojka application U.S. Serial 07/265,842 filed Nov. 
1, 1988, now U.S. Patent 4,940,974 issued July 10, 
1990; and Marvin L. Sojka application U.S. Serial 
07/292,810 filed January 3, 1989, now U.S. Patent 
4,924,462 issued May 8, 1990; and each of these 
pending patent applications is hereby incorporated 
herein by reference in its entirety including 
Appendices and drawings. 

FIGS. 55A-55C are various illustrations of the 
dormant polling protocol of the present invention. 
The dormant polling protocol may be used with any 
communication system, such as the system described 
in reference to FIG. 1, consisting of a plurality of 
remote transceivers which occasionally find it 
necessary to engage in a communication exchange with 
a base station. 

Using the dormant polling protocol, the base 
station optimizes the communication channel 
depending on the channel loading. As used herein, 
the term "loading" refers to the density of 
communication exchanges occurring on the 
communication channel. 

Specifically, during periods of heavy loading, 
the base station optimizes the communication channel 
by entering an active "polling" state, controlling 
and scheduling each communication exchange using any 
available polling protocol. The overhead associated 
with using a polling protocol during periods of 
heavy loading is far outweighed by the reduction in 
the number of collisions that would otherwise occur 
on an, uncontrolled communication channel. However, 
during periods of light loading where transmission 
collisions have little effect, the overhead 
associated with a polling protocol cannot be 
justified. In this scenario, the base station 
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optimizes the communication channel by going into a 
dormant "listening" state* 

In the dormant state, the base station turns 
over the control of the channel to the remote 
transceivers which may initiate communication using 
a carrier-sense, multiple-access (CSMA) protocol. 
Other remote transceiver initiated protocols may 
also be used. 

The base station makes the transition between 
the active and dormant states by monitoring the 
current level of channel loading. For example, when 
the current level of loading rises above a 
predetermined transition threshold, the base station 
enters the active "polling" state. When the current 
loading level falls below the transition threshold, 
the base station enters the dormant "listening" 
state. The transition threshold might also 

incorporate an averaging mechanism so as to be 
compared with an average channel load. 

The base station may also transition between 
the active and dormant states using in a more 
gradual approach by entering various transition 
states therebetween. For example, the base station 
may transition from a continuous polling state to a 
series of successively slower periodic polling 
states before reaching the dormant state. FIGS. 
55A-55C provide further detailed examples of such 
possible transitions. 

Referring to FIG. 55A, time-lines 4001, 4002, 
4003 and 4004 represent the activity of a 
communication channel under heavy, medium, light and 
no load conditions. In the time-lines 4001-4003, 
periods in which at least one of the remote 
terminals respond to each polling sequence broadcast 
by the ba^e station are represented by communication 
exchange intervals 4005A, 4005B, 4005C, 4005D, 
4005E, 4605F,.4005G and 4005H. Periods in which the 
base station receives no response to any transmitted 
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polling sequence are represented by non-responsive 
polling intervals 4007A, 4007B, 4007C, 4007D, 4007E 
and 4007F. 

During periods of heavy loading, as illustrated 
in the time-line 4001, the remote transceivers 
respond to each polling sequence broadcast by the 
base station as represented by the long duration of 
the communication exchange interval 4005A. Because 
of the density of the communication exchanges, the 
selection of a polling protocol yields optimal 
channel performance. Similarly, during periods of 
medium loading, intervals occasionally occur in 
which the remote transceivers do not respond to 
polling sequences from the base stations as 
illustrated by the non-responsive polling intervals 
4007A, 4007B, 4007C and 4007D. Even so, polling 
during such loading periods still offers the optimal 
channel solution. 

During periods of light loading as illustrated 
in the time-line 4003, the remote transceivers only 
occasionally find it necessary to communicate with 
the base station. Because of the unjustifiable 
overhead associated with a polling protocol during 
periods of light loading, the base station enters a 
dormant state, turning control of the channel over 
to the remote transceivers. The remote transceivers 
respond to the lack of polling by initiating 
communication using a CSMA type approach, providing 
better channel optimization. Thus, as the load on 
the communication channel fluctuates, the base 
station transitions between the active and dormant 
states as necessary to optimize the channel. 

In addition, while in the dormant state, the 
base station immediately responds to a communication 
request 40Q6A by transitioning into the active state 
and servicing the requesting remote terminal in the 
communication exchange interval 4Qp5G, Afterwards, 
the base station remains in the active state, 
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polling for further communication. If no response 
to the polling is received before a predetermined 
threshold period tth^^P^^®®' base station will 

transition back into the dormant state. This 
transition after the period ttt^xpires is represented 
by the non-responsive polling interval 4007E. At 
some time thereafter, when a communication request 
4006B is received from one of the remote 
transceivers, the base station again transitions 
from the dormant state back to the active state to 
service the request in the communication exchange 
interval 4 005H, and the transition cycle repeats. 

Although set at one (1) minute, the 
predetermined threshold period tti^uay be set at any 
time period which optimizes the dormant polling 
protocol in the given communication environment. 
Optimization of the predetermined threshold period tth 
must take into consideration not only coiomunication 
throughput factors but must also the independent 
value of having a dormant or quiet communication 
channel. 

As illustrated in the time-line 4003, after 
servicing the requesting remote terminal in a 
communication exchange, the base station remains in 
the active state, polling for further communication. 
Instead of remaining in the active state, however, 
the base station may also immediately reenter the 
dormant listening state after servicing the 
requesting remote transceiver. If so, the base 
station might only make a full transition back to 
the active mode upon detecting a heavily loaded 
channel. 

More specifically, the base station remains in 
the dormant state indefinitely until one of the 
remote transceivers initiates a communication 
request. The base station responds by immediately, 
without polling, directly servicing the requesting 



remote transceiver. Because the requesting remote 
transceiver does not have to wait for the scheduling 
associated with a polling sequence^ the response 
time increases dramatically. Instead of responding 
immediately, the base station might also respond 
indirectly by servicing the requesting remote 
transceiver using a polling sequence, possibly 
sacrificing response time. 

As illustrated in the time-line 4002, if a 
period of non-responsive polling fails to reaches 
the predetermined threshold period tth/ the base 
station will not enter the dormant state. Instead, 
the timing of the non-responsive polling period is 
reset. This process is illustrated in the time-line 
4002 with reference to the non-responsive polling 
intervals 4 007A-4 007D which never reach the 
threshold period tth* 

Once in the dormant state, the base station 
remains in the dormant state until one of the remote 
transceivers initiates communication. Additional 
circumstances may also cause the base station to 
enter the active state. Particularly, the base 
station may exit the dormant state when either data 
needs to be communicated to the remote transceivers 
or after a predetermined wake-up period t^u lapses. 
For example, as illustrated in the time-line 4004, 
at the lapse of the period twu/ ^ polling interval 
4009A or 4009B might occur. The use of polling 
periods after the lapse of the predetermined wake-up 
period t^^ also provide each of the remote 

transceivers with an indication of those base 
stations, if more than one, which are in range or an 
indication that a . message is . waiting and 
communication is desired. 

Periods of non-responsive polling, such as the 
interval 4007A, may consist of either continuous or 
periodic polling. . Continuous polling is defined 
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herein as a repeated broadcast of a complete polling 
sequence having no delays between each repeated 
sequence. Periodic polling is polling which 
repeatedly broadcasts the complete polling sequence 
with a delay period between broadcasts. 

FIG. 55B is a more detailed illustration of the 
dormant polling protocol described in relation to 
FIG. 55A using periodic polling. Specifically, in a 
time-line 4401, a periodic polling interval tx begins 
after completing a communication exchange 4403 
between the base station and one of the remote 
transceivers. Each polling sequence, such as a 
sequence 4405, which occurs during the polling 
interval t^ is separated from the preceding and 
subsequent polling sequences by a predetermined 
delay period, such as a delay period 4407. The 
delay period 407 may be set to at about 250 
milliseconds (ms) or whatever other value is optimal 
depending on the characteristics of the 
communication channel. 

During the predetermined delay periods, the 
remote transceivers may believe that the base 
station has transitioned into the dormant state and 
may initiate communication. However, to avoid 
potential collisions, the remote transceivers may be 
required to wait a random period of time, such as 
about two (2) seconds, before transmitting. To 
prevent the remote transceivers from transmitting 
during delay periods, the remote transceivers might 
be forced to wait a fixed period of time which is 
equal to or greater than the predetermined delay 
period before initiating communications. Such a 
requirement would not prevent the initiation of 
communication during the dormant state. 

As previously described, the predetermined 
threshold period tth^^fiJ^^s the duration of the 
periodic polling interval ti. If no remote 
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transceivers respond for the predetermined threshold 
period tth^^^e interval ti ends and the base station 
enters a dormant state as represented by a dormancy 
interval t2. The base station remains in the dormant 
state until one of the remote transceivers sends a 
communication request 4409. The base station may 
indirectly respond to the request 4409 as 
illustrated by providing a full polling sequence 
4411 for scheduling a communication exchange 4413. 
However, the base station may also directly respond 
without the polling sequence 4411 by immediately 
entering the communication exchange 4413. Finally, 
upon termination of the communication exchange 4413, 
the base station may either reenter the dormant 
state or reenter the periodic polling interval ti. 

The basis for transitioning between states as 
shown in FIG. 55B occurs when the duration of a non- 
responsive polling interval reaches the threshold 
period tth* As an alternative however, the 
transitioning may be based on a duration of low- 
activity. Specifically, if the level of 
communication exchange activity during the interval 
ti falls and remains below a predetermined low- 
activity level for the threshold period tth/ 
dormant state represented by the interval t2 would be 
entered. After servicing the requesting remote 
transceiver in the communication exchange 413, the 
base station could either: 1) remain in the dormant 
state unless the average activity level of the 
channel rises above the low-activity level wherein 
the active state would be reentered; or 2) 
immediately reenter the active state. 

FIG. 55C is an illustration of a modified 
version of the dormant polling protocol described in 
FIGS. 55A and 55B which illustrates, the use of a 
variable delay period between polling sequences* As 
shown in FIG.. 55B, the delay period between each 
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polling sequence such as the delay period 4407 is 
set to a single, fixed duration. In FIG. 55C, 
however, the base station may transition from a 
faster active state to a slower active state before 
transitioning into the dormant state. The faster 
active state has a faster polling rate than the 
slower active state. This rate is governed by the 
delay period between each polling sequence. 

Particularly, during a time interval t^, after 
servicing one of the remote transceivers as 
represented by a communication exchange 4431, the 
base station periodically polls at a fast polling 
rate based on a short delay period 4423 between 
polling sequences. The base station continues 
polling at the fast polling rate until a non- 
responsive polling interval occurs which reaches a 
fast threshold period tpth**^^® fast threshold period 
tptlP^y about thirty (3 0) seconds long. 

After a non-responsive polling interval reaches 
the fast threshold period tpth/the base station 
begins to polls at a slower rate defined by a long 
delay period 4425. This slower polling rate may be 
at about once every second, or may be at any other 
rate optimal for the specific communication system 
at issue. During a time interval tg, the base 
station continues to poll at this slower rate until 
either: 1) a non-responsive polling interval occurs 
which reaches a slow threshold period tsth/^rid the 
dormant state defined by a dormant period tc is 
entered; or 2) a response is received from a remote 
transceiver, and the faster . active state is 
reentered. The slow threshold period tsthP^^Y t)e 
about thirty (30) . seconds. Finally, the base 
station remains in the dormant period t^ until it 
receives a communication request 4433.^ 

Although the remote transceivers may- initiate a 
communication request between each polling 
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sequences, the remote transceivers may also be 
forced to wait and then specifically respond to a 
polling sequence • If so forced, the necessary 
waiting time would be the maximum delay period 
between periodic polling sequences. In FIG. 55C, 
this would be the long delay period 4425. 

Instead of basing the decision of transitioning 
between states upon a non-responsive polling 
interval, the decision might be based upon low 
channel activity. To accomplish this, the base 
station may maintain a history log of the recent 
activity of the channel. Based on an average or 
weighted average of the recent activity, the base 
station can determine when to transition between the 
fast active, slow active and dormant states. 

In addition, although only two fixed polling 
rate transition states have been disclosed in FIG. 
IC, a more gradual or continuous transition may also 
be employed. In this way, the polling rate would 
more closely track the activity level of the 
channel. Similarly, other protocol variances may 
also be utilized in transitioning between states. 
For example, a third type of protocol may be used as 
an intermediate transition state between the active 
"polling" state and the dormant "CSMA type" state. 

The features of the dormant polling protocol 
described in relation to FIG. 55A-55C can be 
incorporated into any communication system which has 
at least one central "base station" and a 
multiplicity of "remote transceivers". Exemplary 
communication systems currently using various 
polling protocols which. may incorporate the dormant 
polling features are set forth in detail above. 

It will be apparent that many further 
modifications and variations may be effected without 
departing from the scope of the teachings and 
concepts of the present invention. 



